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Abstract 
Background:  
Facial fractures are a common presentation to hospitals worldwide. However, many uncertainties 
remain. The relevance of delay from injury to treatment is commonly disputed amongst surgeons 
and in the literature. Immediate or very early treatment is suggested by its advocates to improve 
treatment outcomes and the patient experience. However, there are many reasons why delay may be 
practical, unavoidable, or even clinically beneficial. Further, the deleterious effects of patient non-
compliance, a classic confounding variable in the assessment of treatment delay, are frequently 
emphasised by clinicians. This is the case particularly with mandibular fractures that cannot be as 
easily immobilised and isolated from contaminants as orthopaedic injuries. Although commonly 
cited as a contributing factor to treatment failure, the evidence is lacking.  
 
Aim:  
To identify ways to improve patient outcomes and healthcare resource expenditure in the 
management of facial fractures.  
 
Materials and methods:  
Firstly, a systematic review of the literature was undertaken to identify specific target areas of 
evidence deficiency in the management of facial fractures. The literature review identified several 
shortcomings in the literature, particularly around timing of treatment of zygomatic fractures and 
mandibular fractures, and the influence of patient compliance with treatment of facial fractures. 
Following this, four primary studies were activated: 
 
Study 1.  A retrospective case series of ninety-nine consecutive patients treated by the 
Oral and Maxillofacial Unit at the Royal Brisbane and Women’s Hospital, 
analysing the effects of treatment timing in the management of zygomatic 
fractures. Four outcome variables were analysed in relation to delay: facial 
symmetry, facial scarring, trismus, and radiographic outcome. Five additional 
variables were included in the analysis to adjust for potential confounding.  
 
Study 2. A prospective case series of two hundred and fifteen consecutive patients 
treated by the Oral and Maxillofacial Unit at the Royal Brisbane and 
Women’s Hospital, analysing the effects of treatment timing in the 
management of mandible fractures. Nine outcome variables were analysed in 
relation to delay: wound dehiscence, hardware exposure, local post-surgery 
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infection, malocclusion, trismus, nerve damage, fracture non-union, return to 
theatre, and radiographic outcome. Nineteen additional variables were 
included in the analysis to adjust for potential confounding. 
 
Study 3.  Undertaken simultaneously and with the same patient cohort as study 2, a 
prospective case series analysing the effects of patient demographics on 
patient compliance. Demographics were measured with the following 
variables for each patient: age, gender, distance to oral and maxillofacial 
service, dental status, alcohol use, cigarette use, illicit drug use, employment 
status, and injury aetiology. Compliance with post-operative instructions was 
measured with the following variables for each patient: soft diet, mouthwash, 
oral antibiotics, cigarette cessation, and review appointment attendance. 
 
Study 4.  Undertaken simultaneously and with the same patient cohort as studies 2 and 
3, a prospective case series analysing the effects of patient compliance on 
outcomes of mandible fracture management. Compliance with post-operative 
instructions was measured with the following variables for each patient: soft 
diet, mouthwash, oral antibiotics, cigarette cessation, and review appointment 
attendance. In addition, a global compliance score was used. Eight outcome 
variables were analysed in relation to compliance: wound dehiscence, 
hardware exposure, local post-surgery infection, malocclusion, trismus, nerve 
damage, fracture non-union, and return to theatre. 
 
Results:  
Study 1.  Delay was measured in days and ranged from zero to seventeen days, with a 
mean delay of 8.6 days. The incidence of unacceptable facial asymmetry, 
obvious facial scarring, trismus, and poor radiographic outcomes was 3%, 
46%, 10% and 9% respectively.  
Statistically significant associations were found between delay and facial 
scarring, and delay and radiographic outcome. For each additional delay of a 
day, the odds of facial scarring being present, compared to absent, decreased 
by 13%.  For regular cigarette users, for each additional day of delay there 
was a 306-fold increased risk of having a radiographic outcome of major 
deviation from premorbid compared to equivalent to premorbid.  
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Study 2.  Delay was measured in days and ranged from zero to forty-one days, with a 
mean delay of 4.6 days. The incidence of wound dehiscence, hardware 
exposure, local post-operative infection, trismus, nerve damage, fracture non-
union and return to theatre was 6%, 4%, 11%, 8.5%, 47%, 2% and 8% 
respectively. Objective malocclusion and poor radiographic outcomes were 
evident in 13% and 4.5% of cases respectively.  
No statistically significant association was found between treatment delay 
and treatment outcomes.  
 
Study 3. The mean age of participants was thirty-one years. Male: female ratio was 1: 
0.19. Distance from home to oral and maxillofacial service 0-50 kilometres: 
51-300 kilometres: >300 kilometres ratio was 1: 0.84: 0.8. Dental status 
good: moderate: poor ratio was 1: 0.57: 0.83. Alcohol use nil: binge: regular 
low: regular high ratio was 0.51: 1: 0.24: 0.29. The incidence of regular 
cigarette use, illicit drug use, and unemployment was 53%, 29% and 51% 
respectively. Injury aetiology was assault in 62% of cases. Compliance with 
soft diet, mouthwash, oral antibiotics, cigarette cessation, and review 
appointment attendance was 25%, 96%, 96%, 16%, and 58% respectively.  
Statistically significant associations were found for the compliance variables 
soft diet and cigarette cessation. Males and illicit drug users were 
significantly more likely to be non-compliant with soft diet instructions. 
Males, participants living further than 300km from the service, and the 
unemployed were significantly more likely to be non-complaint with 
cigarette cessation advice.  
 
Study 4. No statistically significant association was found between individual 
compliance variables and treatment outcomes. When a global compliance 
level was assigned to each participant: poor; compliant on 0 or 1 individual 
compliance variables, moderate; compliant on 2 or 3 individual compliance 
variables, and good; compliant on 4 or 5 individual compliance variables, 
poor global compliance was significantly associated with an increased 
incidence of wound dehiscence.  
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Conclusions:  
Delay in the surgical management of zygomatic fractures may have benefits in terms of facial scar 
minimisation but may adversely affect anatomical reduction of fractures.  
Delay in the surgical management of mandible fractures appears to be safe, which may allow for 
improved resource distribution and prioritisation of more time dependent interventions.  
Compliance amongst patients with oral and maxillofacial injuries is low as expected. Validated 
methods to screen for and to improve non-compliance rates could be developed if desired.  
The usefulness of the currently prescribed regimens for soft diet, mouthwash, oral antibiotics, 
cigarette cessation, and review appointment attendance post-mandible fracture are questionable. 
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1.1 Introduction  
The human face is incredibly diverse in its functions and is of critical importance for life. It is the 
front part of the head, extending from the anterior border of the scalp down to the chin, and from 
ear to ear. Its skeleton encloses the mouth, nasal passages, and eyes, and thus its integrity, at the 
most basic level, is a requisite for eating, breathing, smelling, and seeing. The facial skeleton also 
offers protection to the brain and possibly the cervical spine by way of force absorption and 
distribution in front-on impacts. The lower and mid-portions of the face are essential for verbal 
communication, and the entire external surface of the face plays a vital role in social functioning 
and self-identity. In a study by Borah and Rankin, the restoration of facial appearance was 
considered the most important anatomical area for repair, ranked above function of the upper and 
lower extremities.(1)  
 
So, when does the face need restoration? Benign and malignant pathological conditions of any 
tissue type in the head and neck region can cause deformation of the face, as well as loss of 
function. Of particular relevance to this research, facial skeletal injuries and their associated 
sequelae are common and of considerable cost to the patient, health system, and society in general. 
Causes for facial fractures vary depending on geographical location. Developing countries see most 
facial fractures from MVA’s.(2) Fortunately, many countries have tightened regulations around 
road safety in the past decades. This has led to a demonstrable reduction in the incidence of facial 
fractures.(3-7) Sadly, the majority of facial fractures in developed countries are now caused by 
interpersonal violence, frequently in conjunction with drug and alcohol misuse. Multiple studies 
have demonstrated that the head or face is the most commonly targeted site in violent attacks(8-12), 
most frequently in men, and most frequently on the left side, suggestive of righthandedness in 
assailants.(12) Shepherd et al suggest that due to the high incidence of facial skeletal injuries, the 
face is a preferred target in interpersonal violence.(12) Its prominent location and exposure make it 
more vulnerable than other parts of the body. Shepherd et al also remark that television and other 
media violence may have an influence on the face as a target.(12) Falls, workplace accidents and 
sporting accidents are other causes of facial fractures.  
 
The ever-increasing wealth of developed nations, along with incredible advances in medical 
technology, have allowed for astonishing improvements in the quality of healthcare in the past few 
decades, let alone the past few centuries. Patients around the globe are receiving bionic eyes, 3D 
printed body parts, face transplants, and robotic surgery. There is considerable evidence that 
biomedical advancements, particularly in developed countries such as Australia, are responsible for 
significant gains in the longevity and health of the population.(13) Despite amazing possibilities and 
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great expectations, complication rates with even the most common facial fractures are still relatively 
high. Wan et al reported complication rates for routine mandible fractures as high as 16%.(14) A 
survey by Foden at al found that 42% of patients would consider further surgery following the 
standard surgery for nasal bone fractures.(15) Complications arising from facial fractures may be 
particularly debilitating due to the functional and emotional roles of the face.(16) Maloney et al 
state that ‘‘the morbidity associated with an infected fracture markedly prolongs treatment and often 
adds significant cosmetic, functional, and economic disability for the patient’’.(17) Additionally, 
complications add significant strain to health care facilities.(18) Clearly, improvements can be 
made.  
 
The relevance of delay from injury to treatment is commonly disputed amongst surgeons and in the 
literature. Intuitively, delaying the treatment of facial fractures could increase the risk of infection, 
the likelihood of technical difficulties, and the discomfort experienced by patients. For these 
reasons, treatment delay has historically been minimised where possible. Prominent surgeons such 
as Champy(19), Cawood(20), and Maloney(17, 21) have previously advocated delays from injury to 
surgery of no more than twenty-four, forty-eight, and seventy-two hours, respectively. However, the 
patient journey from injury to surgery is complex. Delay between injury and treatment for facial 
fractures can be divided into the following groups: delay between injury and presentation to health 
care, delay between presentation to health care and diagnosis, and delay between diagnosis and 
treatment. Factors that influence each group may differ. Surgically managing facial fractures 
usually involves the administration of a general anaesthetic, surgery, a hospital stay, and a 
rehabilitation period. Due to the multifactorial nature of the management process, outcomes may be 
affected by a multitude of factors. Patient factors such as age, medical co-morbidities, mental status, 
compliance, concomitant injuries, and financial status may be relevant. Additionally, health system 
factors such as inter-hospital transfer policies, after-hours treatment policies, funding, resource 
allocation, staff training, and availability have an impact. Therefore, there are many reasons why 
delay beyond seventy-two hours may be practical and/or unavoidable.  
 
Several theories exist at a physiological level to explain why delay to treatment of facial fractures 
might affect the outcome of treatment. In relation to mandibular fractures, it has been proposed that 
a treatment delay may increase the likelihood of infection, by allowing for greater osseous de-
vascularisation and bacterial load.(18) For facial fractures in general, it has been proposed that 
fibrinous deposition within the fracture, resulting from a delay in management, can affect the 
outcome.(22) Similarly, it has been proposed that abnormal distortion of facial structures by scar 
tissue may likely be reduced if fracture reduction is achieved prior to fibroblast ingrowth and 
23 
 
subsequent collagen deposition.(23) Furthermore, the technical difficulty of surgery may increase if 
delay allows osseous callus formation and soft tissue fibrosis.(18) Technical difficulty has been 
suggested by some to be associated with a greater incidence of technical complications.(24) 
Interestingly, Hermund et al suggest that the optimum time to treat may be not immediately but 
rather several days post-injury.(25) They explain that ‘‘the outcome of fracture treatment is entirely 
dependent upon the cellular activity in the trauma region’’, and that the cellular response is at a 
maximum after 3–4 days.(25)  
 
Conversely, a number of studies have highlighted associations between treatment delay and better 
outcomes. Owing to proximity, facial fractures are commonly associated with cerebral injury. 
Derdyn et al state that ‘‘supine positioning, intra-operative fluid shifts, and cerebrovascular dilating 
anaesthetics all may exacerbate cerebral oedema and negatively affect outcomes’’, in patients with 
concomitant cerebral injury.(23) Others have raised similar concerns, suggesting that early fracture 
fixation could result in greater fluid administration, which could exacerbate intra-cranial 
hypertension.(26, 27) Another common supposition is that patients with multiple injuries requiring 
input from multiple surgical disciplines may benefit medically, and fiscally, by a delay in treatment. 
Delay would allow for coordination of surgical disciplines under the same anaesthetic.(27, 28) Yet 
another proposed benefit of delay is facilitation of more complex imaging. Delaying fracture repair 
reportedly allows for a greater sensitivity in diagnosis of additional, initially unrecognised 
fractures.(27, 29) Delaying treatment may be advantageous with zygoma fractures, to allow for the 
resolution of soft tissue oedema. When surgery involves only a limited exposure of the zygomatic 
complex, it may be beneficial to accurately visualise the ordinary contour of the face. For orbital 
floor fractures with diplopia, it has been proposed that a delay of two weeks may be ideal, as a 
reduction in inflammation often results in resolution of diplopia.(30) The subsequent need for 
surgery is often alleviated, thereby avoiding many significant risks.(30) 
 
Less disputed, but largely untested, is the dogma that patient non-compliance in the management of 
facial fractures is a contributor to adverse outcomes.  
 
It is quite conceivable that simple and inexpensive alterations to our current methods of 
management, perhaps in the areas of treatment timing and/or patient compliance, could result in 
notable benefits.  
 
1.2 Anatomical and clinical considerations  
This research primarily involves fractures of the facial skeleton. Focus is especially targeted toward 
24 
 
the mandibular and zygomatic regions. The following sections on anatomy and surgical principles 
outline the fundamental knowledge required to interpret injuries, treatments, and the effects of the 
various situations and interventions applied to the management of such injuries.  
 
1.2.1 The facial skeleton 
The facial skeleton is commonly considered to be comprised of fourteen bones; paired nasal, 
lacrimal, palatine, zygomatic, maxillary, and inferior nasal concha bones, and the unpaired vomer 
and mandible (Figure 1.1). The ethmoid and frontal bones, considered skull bones, also make 
significant contributions to the facial skeleton.   
 
 
Figure 1.1 Bones of the facial skeleton. Taken from (31) 
 
Often in oral and maxillofacial literature and in clinical practice, the entire face but also the facial 
skeleton is divided into three parts; upper, middle, and lower. The upper face is considered to 
extend from the hairline to the mid-brow or glabella region, the mid-face from glabella to subnasale 
or the point where the nasal septum meets the upper lip, and the lower third from subnasale to the 
soft tissue menton or lowest part of the chin. With respect to the facial skeleton, the anterior aspect 
of the frontal bone and associated frontal sinus, the orbital roofs and supraorbital rims make the 
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upper face. The remaining parts of the orbit, naso-orbito-ethmoidal complex, zygomas, nose and 
maxilla make the mid-face, and the mandible makes the lower face. The mandible and bones of the 
mid-face are sometimes collectively referred to as the viscerocranium. The frontal bone and some 
of the bones of the orbit also make contributions to the anterior cranial fossa and as such are often 
grouped with the rest of the calvarial bones, otherwise known as the neurocranium.  
 
1.2.2 The mandible 
The mandible is the lowest bone of the face, attaching to the rest of the skeleton via two synovial 
joints, the TMJs, making it the only mobile bone of the facial skeleton. It has a horse-shoe shaped 
horizontal body which supports the alveolus and lower teeth, as well as bilateral vertical sections 
projecting perpendicularly from the body, termed rami, each having two superior projections; the 
coronoid and condylar processes. The mandible is commonly divided into paired condylar, 
coronoid, ramus, angle, body and parasymphysis regions, as well as the midline symphysis region 
and the alveolar process or alveolar bone region; the bone that directly houses the teeth (Figure 1.2). 
The exact anatomical boundaries of each of these mandibular divisions are quite varied in the 
literature.  
 
 
Figure 1.2 Regions of the mandible. Taken from (32) 
 
Apart from housing the lower teeth, the mandible also serves as an attachment for a number of 
muscles and ligaments, as well as enclosing the inferior alveolar neurovascular bundle within a 
canal in its body. Accordingly, the mandible plays a key role in chewing, swallow, speech, facial 
expression, and sensation of the mandibular dentition, chin, and lip. Disruption of mandibular 
integrity can impact all the functions of the mandible. 
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1.2.3 The TMJ 
To understand the dynamic functions of the mandible and the anatomy of the attaching musculature, 
it is first important to understand that anatomy of the bilateral articulations between the mandible 
and the skull; the TMJ’s (Figures 1.3 to 1.5). The TMJ is a synovial joint, formed principally 
between the condylar head of the mandible and the glenoid fossa (mandibular fossa) of the temporal 
bone. The joint is divided into a superior and inferior joint space by a fibrocartilaginous disc, which 
creates a unique “double joint” situation, known as a ginglymoarthrodial joint. Essentially, the 
lower joint space allows for hinge type movement, characteristic of a ginglymus joint, and the upper 
joint space allows for a gliding or translatory type movement, a characteristic of an arthrodial joint. 
The bony surfaces of both the mandible and the temporal bone that contribute to the joint are lined 
by fibrocartilage rather than hyaline cartilage, another peculiarity of the TMJ. A fibrous capsule 
surrounds the joint, lined by synovium. Aside from the capsule, the joints are stabilised by three 
main ligaments. The lateral ligament is a thickening of the capsule, the stylomandibular ligament 
runs from the styloid process to the inferior-posterior border of the mandible, and the 
sphenomandibular ligament runs from the spine of the sphenoid to the lingula on the medial ramus 
of the mandible. The TMJs allow for three main movements of the jaw; depression and elevation 
(opening and closing), side-to-side or lateral excursive movements, and protrusion and retrusion.  
 
 
Figure 1.3 Sagittal section of the articulation of the mandible, the TMJ. Taken from (33) 
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Figure 1.4 Capsule and ligaments of the left TMJ: lateral aspect. Taken from (34) 
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Figure 1.5 Capsule and ligaments of the left TMJ: medial aspect. Taken from (34) 
 
1.2.4 The zygomatic region  
The zygomatic bone, or cheekbone, can be described as roughly diamond or quadrangular in shape. 
It makes the prominence of the cheek and also forms the lateral aspect of the orbit. It articulates 
with several other bones, principally the maxillary, frontal, temporal and sphenoidal. Its temporal 
process articulates with the long, arched, zygomatic process of the temporal bone to make the 
zygomatic arch (Figure 1.6). Two common fracture presentations are observed; the ZMC fracture, 
and the arch fracture. The ZMC fracture involves displacement of the zygomatic bone (Figure 1.7), 
whereas an isolated arch fracture mostly involves the zygomatic process of the temporal bone, 
leaving the body of the zygoma unaffected. Displacement of the ZMC and the arch often occur in 
conjunction with one another.  Direct trauma to the zygomatic bone and/or zygomatic arch resulting 
in displacement is primarily of cosmetic concern. Occasionally, such fractures may also result in 
orbital and/or ocular issues, and depressed zygomatic arch fractures can cause trismus due to 
impingement on the temporalis muscle or coronoid process of the mandible.  
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Figure 1.6 The zygomatic arch. Modified from (31) 
 
 
Figure 1.7 ORIF of a ZMC fracture. Taken from (35)  
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1.2.5 Muscles of mastication – relevance to the mandible  
The bilateral masseter, temporalis, medial and lateral pterygoids are commonly referred to as the 
“muscles of mastication”. These muscles are the primary movers of the mandible. They all receive 
their motor innervation from the mandibular division of the trigeminal nerve. Several other 
“accessory muscles of mastication” such as the supra- and infra-hyoid muscles, digastrics and 
mylohyoid also assist in mandibular movement (Figure 1.8).  
 
 
Figure 1.8 Muscles of mastication. Taken from (34)c 
 
Knowledge of both the TMJ and the muscles acting on the mandible is critical for understanding 
treatment strategies for mandibular fractures for two reasons:  
 
1. Muscle activity and the subsequent forces on the mandible at the TMJ and at the fracture site 
can either make fractures more stable or less stable, guiding clinicians on when to offer less 
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invasive methods of definitive treatment such as observation or closed treatment only 
(Figure 1.9). 
2. Muscle activity dictates size, positioning and number of titanium plates and screws when 
utilising “load-sharing” methods based on Champy’s “lines of osteosythesis”.(19) During 
function, or chewing, tensional forces are created toward the upper border of the mandible, 
whereas compressional forces are generated toward the lower border. Anteriorly, muscle 
action also creates torsional forces. In simple fractures with intact bone buttressing between 
segments of bone, small plates that can resist tension or torsional forces can be placed along 
the ideal osteosythesis lines (Figure 1.10), allowing the natural buttressing at the 
compressive part of the fracture to “share” the load.   
 
 
Figure 1.9 Muscle activity and the subsequent forces on the mandible. A) shows a “favourable” 
fracture orientation with regards to muscles forces, whereas B) shows an “unfavourable” one. 
Taken from (36) 
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Figure 1.10 Ideal osteosynthesis lines. Two miniplates are required anterior to the mental foramina, 
whereas only one is required posteriorly. At the angle, the plate can be placed laterally above the 
IAN (usually via a transbuccal approach), or even higher along the external oblique ridge 
(transorally). Taken from (19) 
 
1.2.6 Sensory nerves – relevance to the mandible  
Although numerous sensory nerves are in relatively proximity to the mandible, the one of most 
relevance to trauma of the mandible and its management is the IAN, also called the inferior dental 
nerve, and its branch the mental nerve. The IAN enters the medial side of the ramus of the mandible 
at the mandibular foramen. It then travels within the body of the mandible in the mandibular canal 
until it branches into the mental nerve, which exits the mandible almost immediately, and the 
incisive nerve, which continues within the mandible until it reaches the midline. The mental nerve 
leaves the mandible laterally via the mental foramen. The foramen is variable in its location but is 
commonly close to the apex of the first or second mandibular premolars. The IAN supplies sensory 
innervation to multiple structures. However, the sensation to the ipsilateral chin and lower lip, via 
the mental nerve, is of greatest relevance. Trauma to the nerve commonly occurs when fractures 
occurring in a nerve bearing part of the jaw are significantly displaced. Surgery to treat mandible 
fractures also commonly involves dissection and/or traction on either the IAN or mental nerve 
which may interrupt its function. Injury to the nerve can result in anaesthesia, paraesthesia (often 
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temporary) or dysaesthesia, Dysaesthesia in particular can be very unpleasant for the patient and 
difficult for the clinician to manage.   
 
1.2.7 Muscles of mastication – relevance to the ZMC 
The masseter muscles have their origins on the zygomatic bone and zygomatic arch. As with 
mandibular fractures, the action of the masseter can be clinically relevant for zygomatic type 
fractures, although generally less so. Also, the temporalis muscle runs medial to the zygomatic arch, 
between it and the lateral skull, to attach to the coronoid process of the mandible. As 
aforementioned, zygomatic arch fractures can impinge on this muscle of mastication, causing 
trismus and pain. The anatomical structure of this muscle and its overlying fascia also plays a key 
role in a common surgical access to the zygomatic arch, both for isolated arch fractures and for 
more complex ZMC fractures that may involve disjunction of the zygomatic bone from up to all 
four of its main articulations. In Figure 1.11 below, showing the anatomical layers of the temporal 
region in a coronal slice, one can see that if an incision is made through the skin over the temporal 
region, that dissection down to the muscle would allow easy and safe passage inferiorly to the 
medial aspect of the zygomatic arch on the underside of the temporalis fascia. This approach is 
eponymously termed the Gillies approach, after Sir Harold Gillies.(37) The Keen approach, after 
William Keen, essentially exploits the same anatomical space, via a transoral incision from below 
the arch.(38)    
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Figure 1.11 Coronal section at the pre-auricular level, showing anatomical layers at the temporal 
region. Taken from (39) 
 
1.2.8 Sensory nerves – relevance to the ZMC  
There are multiple sensory nerves around the ZMC, though the sensory deficit with the greatest 
incidence and clinical significance is from injury to ION and one of its branches, the ASAN (Figure 
1.12). The ION travels through the floor of the orbit and out through the anterior maxilla 
approximately one centimetre below the infraorbital rim, at the infraorbital foramen. With ZMC 
fractures, the fracture will often involve the infraorbital foramen and/or the infraorbital canal or 
groove where the nerve travels through the orbital floor, often resulting in transient injury. Patients 
complain of numbness of the ipsilateral upper lip, lateral nose, cheek and lower eyelid as a result of 
injury to the ION. Occasionally the anterior maxillary teeth will be anaesthetic. This deficit is as a 
result of injury to the ION proximal to its branching of the ASAN, or directly to the ASAN. Such 
deficits usually improve within weeks. Surgery to reduce a ZMC fracture often worsens the deficit 
temporarily, presumably from dissection around nerves, and indirectly via movement of the fracture 
along the course of the nerves.  
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Figure 1.12 Terminal branches of the maxillary nerve. Taken from (40) 
 
1.2.9 Muscles of facial expression and the facial nerve  
The muscles of mastication are not the only muscles attaching to the mandible or zygomatic region. 
A group of lesser muscles exist, principally involved in controlling the degree of access to the 
orbital, nasal and oral cavities. Collectively they are often called the “muscles of facial expression”. 
Facial expression is said to be a side effect of the cavity orifice control.(34) The muscles of facial 
expression develop from a common embryological origin, along with the facial nerve, from which 
they all receive their motor supply. These muscles and their innovation are important in the 
management of both mandibular and zygomatic fractures. Exposure of the relevant bony skeleton 
for ORIF needs to be carefully planned to avoid branches of the facial nerve. Both anatomical areas 
may be accessed transcutaneously through facial nerve territory. Additionally, the muscles are 
stripped or cut to access these areas, and careful repositioning is required to prevent premature 
aging or sagging of the overlying soft tissues.  
 
1.2.10 The buttresses 
The middle and upper facial skeleton is complex in its architecture. There are areas of very thin 
bone (the bone of the medial orbit is so paper thin it is translucent, aptly named the lamina 
papyracea), interspersed between a series of relatively horizontal and vertical dense bony 
reinforcements, commonly referred to as buttresses. It is postulated that the buttresses are designed 
to absorb the stresses of life, such as mastication, and to protect the vital structures housed within. 
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Possibly the areas of thin bone allow for a reduction in weight and may provide protection by 
means of a “crumple zone”, absorbing forces of trauma rather than allowing distribution of force to 
more critical structures such as the globe or brain. Figure 1.13 demonstrates the three vertical 
buttresses with red arrows; the nasomaxillary, zygomaticomaxillary, and pterygomaxillary 
buttresses. The blue arrows indicate the solid supraorbital and infraorbital rims, providing 
horizontal support to the face. The green arrows demonstrate areas of antero-posterior support. 
Knowledge of the buttress system is critical in the management of facial bone trauma. These solid 
areas of bone must be anatomically reduced to allow for the restitution of facial form and ideal soft 
tissue drape. Further, due to their thickness, they usually represent the only bone capable of 
accepting hardware beyond the mandible and skull.  
 
 
Figure 1.13 The buttresses of the facial skeleton. Taken from (41) 
 
1.2.11 The paranasal sinuses  
Housed within the facial skeleton are three paired air-filled cavities, or outpouchings of the nasal 
cavity; the maxillary, ethmoidal, and frontal paranasal sinuses. A fourth exists within the body of 
the sphenoid in the base of skull; the sphenoid sinus. The ethmoid and maxillary sinuses are present 
and birth and continue to develop through childhood and adolescence. The frontal and sphenoidal 
sinuses appear during childhood. Occasionally a sinus may fail to develop. The purpose of the 
sinuses is likely not yet fully understood. They may develop to improve nasal function, to aid in 
facial growth, or may represent remnants of an evolutionary structure with an as yet unknown 
purpose.(42) They also probably help to humidify and heat inhaled air, increase the resonance of 
speech, and contribute to the reduction in weight of the head and the “crumple zone” as described 
above.  Nevertheless, their presence is particularly relevant in facial trauma management.  
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1.2.12 The dentition 
Facial trauma is commonly associated with injury to the dentition, including the teeth and the 
periodontium. The periodontium is a collective term to describe the tissues that surround and 
support each tooth, comprising the gingiva, periodontal ligament, and alveolar bone. A thorough 
understanding of the dentition is critically important when assessing and managing facial trauma, 
for three main reasons:  
 
1. Knowledge of dental anatomy, occlusion, dental wear patterns and dental prostheses affords 
the discerning clinician a plethora of clues relating to diagnosis of jaw injuries and trauma 
mechanisms on clinical examination.  
2. Undiagnosed or neglected dental injury often results in lifelong functional, cosmetic and 
economic costs for the patient, and inadequate management of dental injuries can 
compromise the outcomes of facial skeletal reconstruction following trauma.  
3. Familiarity with the dentition allows for the utilisation of tooth-borne appliances to aid in 
the reduction and stabilisation of jaw fractures, as well as for neuromuscular, skeletal and 
dental adaptation following certain mandibular injuries.(43) 
 
The human tooth is commonly conceptualised in two parts; the crown, and the root (or roots). The 
crown consists of three main layers, from outside in; enamel, dentine, and pulp chamber. The root 
also has three main layers, from outside in; cementum, dentine, and pulp chamber (continuous with 
the pulp chamber of the crown). The pulp is a highly neurovascular tissue that enters the tooth via 
the root apex (or apices) and occupies the pulp chamber. The pulp has several functions, such as 
dentine formation, nutrition, and sensation. The teeth are fixed to the alveolar bone via the 
periodontal ligament. Aside from attaching tooth to bone, the other major functions of the 
periodontal ligament include absorption of forces distributed to the teeth, pain and pressure 
sensation, and nutrition. The alveolar bone surrounds and supports the tooth roots, and sits atop the 
basal bone, or maxilla and mandible proper. It resorbs following loss of a tooth. The teeth are able 
to move, or be moved, via a physiological process of bone remodelling in response to altered forces 
applied to them from opposing teeth, tongue, cheek, lips, etc. This represents the same underlying 
physiological process harnessed by orthodontists to move teeth for functional and aesthetic 
purposes. Because of this adaptive movement, the teeth of the mandible usually occlude in a stable, 
reproducible, and simultaneous manner with those of the maxilla when the patient is either asked or 
guided to bite down in their “usual bite”. When examining a patient in their usual bite, otherwise 
known as centric occlusion, the absence of a stable, reproducible, and simultaneous contact around 
the arch, along with any premature contact of particular teeth gives the clinician vital information 
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regarding the anatomical continuity of either the mandible or the maxilla. Wear facets on teeth 
developed by long-term relationships with opposing teeth that no longer seem to line up give further 
clues, as do seemingly new gaps between teeth (diastemas), and bruises and lacerations within the 
surrounding gingiva. In relation to trauma, a malocclusion is said to exist when the teeth of the 
maxilla and mandible do not meet in the same relationship as before an event. Such clinical 
information is also important when reconstructing correct anatomical form and positioning of the 
maxilla and/or mandible with surgery. Similarly, the fit or otherwise of dentures or other dental 
prostheses can aid in the diagnosis and management of injuries to the jaws.  
  
The commonest isolated dental injuries include fractures of coronal or root structure, injuries to the 
pulp, injuries to the periodontal ligament, and injuries to the alveolar bone. Often during facial 
trauma, multiple or all such sites are injured. Management of injuries to the pulp or periodontal 
ligament are often time critical. Pulp necrosis can occur following trauma to a tooth and 
unfortunately the pulp has little capacity for regeneration. Necrotic pulp invariably becomes 
infected and can lead to failure of bony union of nearby fractures or life-threatening odontogenic 
infection. Pulp necrosis should generally be treated within days. Periodontal ligament injury and 
adjacent root surface injury can lead to direct apposition of tooth and bone with subsequent 
ankylosis and progressive resorption of tooth roots, ultimately leading to loss of function and tooth 
loss. A number of other inflammatory and infective processes can occur as a result of damage to the 
pulp, and, or periodontal ligament. Avulsed teeth need to be replanted as soon as possible, with 
even extra minutes of time altering outcomes. Teeth that sustain periodontal ligament injury often 
develop pulp necrosis from the same insult and an untreated pulp space infection can alter the long-
term outcome of the periodontal ligament injury. Alveolar bone fractures present with malocclusion 
and segmental mobility, usually involving a number of teeth together. Alveolar bone fractures are 
typically treated by reduction and stabilisation with dental splints.(44) Treatment of injuries to the 
primary dentition is often different to that of the permanent dentition. However, it is important to 
remember that children as young as four years of age can present with injuries to permanent teeth. 
Figure 1.14 demonstrates the usual age of eruption and number of primary and permanent teeth 
present. Figure 1.15 demonstrates a tooth and its relevant parts, sectioned approximately in half, 
embedded in alveolar bone.  
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Figure 1.14 Ages of eruption and number of teeth in the primary and secondary dentitions. Taken 
from (31)  
 
 
Figure 1.15 Anatomy of a tooth. A molar tooth is shown, sectioned through the pulp chamber. 
Taken from (31) 
 
1.2.13 Tooth-borne appliances in trauma management   
During surgery to correct injuries involving the maxilla or mandible, tooth-borne appliances are 
commonly utilised to assist in maintaining the pre-morbid centric occlusion. Establishing the pre-
morbid centric occlusion encourages correct reduction of bony fragments as well as establishment 
of the maxilla and mandible in the correct anterior-posterior and lateral positions in relation to each 
other. Other uses may include distraction of ramus or condylar fractures to allow better anatomical 
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reduction, and control of palatal width and torqueing with palatal split-type fractures. Occasionally, 
certain types of fractures may be treated entirely with such tooth-borne appliances, without ORIF. 
Such appliances can be composed simply of wire (Figure 1.16), or may be more complex with the 
use of pre-made or custom arch bars (Figure 1.7) as well as custom-fabricated acrylic components 
(Figure 1.18). Such appliances may be used temporarily during surgery to assist with reduction of 
bony fragments, may be utilised post-operatively, or often a combination of both. Similar 
appliances are nowadays available in bone-borne varieties, having some advantages and 
disadvantages when compared to the tooth-borne varieties (Figure 1.19). 
 
 
Figure 1.16 Wire around mandibular teeth. Such a wire can assist in reduction and/or stabilisation 
of dentoalveolar injuries and/or fractures of the mandible proper and can be utilised for IMF. Taken 
from (45) 
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Figure 1.17 Arch bars wired to the dentition on a model, with elastics applying a force between the 
maxillary and mandibular arches. Taken from (46) 
 
 
Figure 1.18 Illustration of a custom fabricated acrylic palatal splint, with holes for wiring to the 
dentition. Taken from (47)  
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Figure 1.19 Bone-borne “hybrid” arch bars, with elastic IMF. Taken from (48) 
 
1.3 Clinical considerations  
1.3.1 Goals of treatment 
The goals of treatment for facial fractures should be to return the patient to both their premorbid 
functional, cosmetic, and psychosocial status, in the least invasive way, in the shortest possible time 
frame, whilst managing treatment responsibly within the constraints of the healthcare system. The 
first step in achieving an acceptable outcome is to adequately diagnose the patient’s deficit. Once a 
complete diagnosis is made, treatment is planned and executed based on a multitude of factors 
relating to the patient, the surgeon, the resources available, and the knowledge that has been passed 
down from surgeons before, both via historical methods of information dissemination and by more 
contemporary peer-reviewed, evidence-based learning methods.    
 
1.3.2 Diagnosis of facial fractures (in particular mandible and zygomatic)  
Many times, nowadays the first piece of information the Surgeon will receive from a referring 
Emergency Department will be the radiological diagnosis, as made by a Radiologist from a CT 
scan.  To avoid missed diagnosis, misdiagnosis and mistreatment, however, it is imperative that the 
treating clinician undertake an appropriate history and clinical examination of the patient in addition 
to radiological examination. Below, first the common subtypes of facial fractures are explored, 
followed by a brief explanation of the relevant history taking, clinical examination and radiographic 
diagnostic techniques.  
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1.3.3 Subgroups of facial fractures 
The common subtypes of facial fractures managed by Oral and Maxillofacial Surgeons, from 
anatomically superior to inferior, are: 
 
• Frontal bone  
o Anterior table  
o Posterior table  
o Fractures involving the frontal recess (outflow tract)  
o Orbital roof  
• Mid-face  
o Palatal   
o LeFort (I, II, III)  
o Nasomaxillary 
o Nasal  
o NOE  
o Orbital 
▪ Floor  
▪ Medial Wall  
▪ Lateral Wall  
• Zygomatic  
o Isolated zygomatic arch  
o ZMC fracture  
o Mandibular  
▪ Symphysis  
▪ Parasymphysis  
▪ Body  
▪ Angle  
▪ Ramus  
▪ Subcondylar area 
▪ Condylar neck  
▪ Condylar head  
o Dentoalveolar  
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1.3.4 Clinical history  
Making a diagnosis of a facial fracture starts with a history of the precipitating event. A significant 
force imparted on any part of the face is required. This can be blunt force, such as that delivered by 
a fist, knee, bat, steering wheel, vehicle dashboard, or the pavement. Alternatively, sharp or 
penetrating trauma can impart a fracturing force to the facial bones as well. Examples include knife 
strikes and glassing attacks. Ballistics can also cause the spectrum of facial fracture types. Not 
uncommonly, the force required to fracture facial bones will also cause a period of loss of 
consciousness. Patients with specific fracture subtypes will often complain of specific symptoms, in 
addition to generalised symptoms such as pain, tenderness, bruising and epistaxis. Patients with 
mandible fractures may complain of altered occlusion and numbness in the distribution of the 
mental nerve. Similarly, those with LeFort fractures will often complain of a malocclusion. Patients 
with orbital and zygomatic fractures will often complain of ION distribution numbness. 
Additionally, such patients often describe an instantaneous puffing of the eyelids when blowing the 
nose, as a result of air escaping the maxillary or ethmoid sinuses into the surrounding soft tissues. 
Patients with anterior table frontal bone fractures often describe a visible “dent” in the skull 
immediately after a trauma, which usually rapidly but temporarily disappears with the onset of 
surrounding soft tissue oedema.   
 
1.3.5 Clinical examination 
All victims of trauma should be examined initially as per ATLS or EMST protocols.(49) It is 
important to recognise that the force magnitude and application site required to cause facial 
fractures may frequently also cause cervical spine and/or head injury. Specifically, regarding 
diagnosis of facial fractures on physical examination, a brief overview of the entire scalp, face and 
neck should be sought, which may involve removal of a cervical collar. Lacerations, bruising, and 
swelling of the skin and eyes will give clues to underlying injuries. The entire face should be 
palpated for step deformities, crepitus and bogginess. The eyes should be examined for proptosis, 
increased pressure, reduction of visual acuity and restriction of movement, as well as pupil 
abnormalities. In particular, lateral subconjunctival haemorrhage is a clue to an underlying ZMC 
fracture. Restriction of eye movement is a clue to an orbital fracture or bleeding behind the eye 
(retrobulbar haemorrhage), leading to an orbital compartment syndrome. Diplopia and/or pain on 
eye movement are other clues to orbital injury. Restriction of eye movement in conjunction with 
bradycardia, nausea and vomiting suggest a trap-door, or white eye blowout orbital fracture with 
impingement and ischaemia of an orbital rectus muscle. The nose should be examined for septal 
haematoma, CSF leak, and deformity. Such signs may point to an underlying fracture such as a 
NOE fracture or nasal bone fractures. Telecanthus, an increased distance between the medial canthi, 
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also indicates an NOE fracture. Trismus, or reduced mouth opening, as well as steps in the 
occlusion or otherwise abnormal bite, mobile teeth, oral lacerations and bruising are all signs of an 
underlying mandibular fracture. Trismus may also be present with zygomatic fractures. Pain on 
flexion of the mandible or inability to hold a wooden tongue depressor between the teeth against 
force are further signs of mandibular fracture. Palatal haematoma or laceration are clues that 
suggest a palatal fracture, and maxillary vestibular buccal bruising is a clue to zygomatic or 
maxillary fracture. Steps or numbness over the forehead indicate an underlying frontal bone injury.  
  
1.3.6 Radiographic examination  
CT scans are common place in Australian hospitals nowadays for diagnosis of cranial, intra-cranial, 
facial and spinal injury. All facial bone fractures should be evident on a CT scan of good quality 
and appropriate field of view. Mandibular fractures can be adequately imaged with a combination 
of an OPG and a P-A skull radiograph. This combination involves less radiation to the patient and 
has the added advantage of easier and arguably better examination of the dentition.   
 
1.3.7 Management of facial fractures (in particular mandible and zygomatic)  
Management of facial fractures is varied, depending on factors such as patient fitness, patient 
preference, surgeon preference, local financial constraints and equipment availability. Commonly 
recognised strategies for facial fracture management include the following:  
 
• Non-operative – Certain facial fractures do not need any active treatment, certain to heal 
without any ongoing evidence of injury. Others may leave only cosmetic deformities 
without functional impairment.  
• Observation – Certain facial fractures have a chance, but not a certainty, of healing without 
any ongoing evidence of injury.  A good example would be an isolated, undisplaced 
mandibular angle fracture. Compliant patients who are able to attend appointments regularly 
for close observation may be successful in avoiding surgery. Similarly, certain orbital 
fractures may be observed for a period, to allow for spontaneous resolution of double vision, 
or to determine whether enophthalmos will occur.  
• Closed management – Nasal bone fractures are commonly manually reduced without 
exposure and direct visualisation via a force applied through the nasal cavity or through the 
overlying skin. Certain types of dento-alveolar injuries, mandible fractures and maxillary 
fractures can be reduced and externally fixated, as above-mentioned, with appliances fixed 
to the teeth. Subcondylar and condylar injuries may be managed in a closed fashion with a 
combination of dental appliances and inter-maxillary wiring or elastic wear. Zygomatic 
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fractures are occasionally managed with a bone hook or screw, which may be considered a 
form of closed management.  
• Open reduction without fixation – The Gillies and Keens approaches to reduce a zygomatic 
arch are examples of such. Occasionally, simple ZMC fractures may also be managed with a 
Gillies or Keens approach in isolation.  
• ORIF – The commonest method of managing displaced facial fractures. Fractured bones are 
exposed directly, reduced, and internally fixated in the correct position with various forms 
of plates and screws. The entirety of the face can be accessed via relatively concealed 
incisions. The commonest sites for access include within the maxillary or mandibular oral 
vestibule, through the upper and lower eyelids, and within the hair-bearing part of the scalp. 
Other sites include within the nasal cavity, in front or inside the ear, and in a neck skin 
crease. Often a trocar is used to allow passage of drills and screwdrivers through an 
inconspicuous slit in the cheek. This is known as transbuccal access.  
• External fixation – A relatively uncommon method of fixation in contemporary management 
of facial fractures. In modern practice, external fixation is almost exclusively used in the 
mandible in the trauma setting, mostly in highly comminuted closed fractures, gunshot 
wounds, and non-unions. Pins are inserted transcutaneously into fractured segments, and 
then connected to a common external framework (Figure 1.20). 
• Reconstruction – This is to recreate something that is lost and cannot be repaired. Most 
commonly in the acute or semi-acute trauma setting this relates to the floor and medial walls 
of the orbit. Less commonly, the orbital roof may be involved. Particularly in the orbital 
floor and medial wall, the bone is paper thin and usually not amenable to repair once 
disrupted. Such fractures are usually described as “blow-outs”. Orbital reconstructions can 
be done with titanium mesh, bone graft, or other synthetic materials. Titanium mesh is most 
common as it is easily contoured (or even pre-contoured), dimensionally stable over time, 
does not involve a donor site, allows  for drainage of blood into the sinus, and is readily 
visualised on imaging.(50) 
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Figure 1.20 External fixation of a comminuted mandibular injury. Taken from (51) 
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Chapter 2 
Literature review 
Thesis premise and outline   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
49 
 
2 Literature review 
At the commencement of this research, a systematic review titled “The effect of treatment timing on 
the management of facial fractures: a systematic review” was undertaken and subsequently 
published.(52) According to the PubMed search engine, the publication has been cited seventeen 
times to date.(53) The publication contributes significantly to the literature review below. 
 
2.1 Materials and methods   
Studies of any type, which examined the effects of timing of treatment on outcomes of any type, in 
the treatment of fractures of the non-paediatric human facial skeleton by widely accepted treatment 
methods were sought for review. The review process was formally undertaken twice; once in 2013, 
at the commencement of this PhD, and again in 2019. Studies were identified by an electronic 
search utilising the PubMed(53) and Google Scholar search engines.(54) In addition, cross-
referencing was utilised. The reference lists of the studies identified in the preliminary searches 
were inspected to identify additional suitable studies. Search terms for the preliminary searches 
included the following: facial, fracture, treatment, management, outcome, mandible, maxilla, mid-
face, zygoma, orbit, frontal, nasal, delay, and timing. Eligibility assessment was performed 
independently in an un-blinded manner. Studies were identified as relevant by title and abstract. 
After identification, the full texts of publications were sourced. Studies dated prior to 1979 were 
excluded due to the considerable differences in surgical and medical methods of management 
employed before this time. Additional exclusion criteria included both non-English language 
publications, studies explicitly examining the paediatric population, and, in relation to orbital 
trauma, studies focusing on the surgical management of orbital compartment syndromes, globe 
trauma, and non-paediatric orbital fractures with muscular entrapment. These orbital trauma type 
studies were excluded from the literature search as the evidence in relation to their ideal treatment 
timing is considered to be fairly well established and universally agreed upon.(55) Studies were 
assessed by study type, evidence level, sample size, data collected, outcome variables, control of 
confounding variables, and findings. Studies examining treatment delay in relation to facial fracture 
management as a secondary variable were also included.  
 
2.2 First results  
Full text publications were accessible for all identified studies, from both the preliminary searches 
and subsequent cross-referencing. In 2013, a total of thirty studies were determined to be relevant 
for inclusion (Figure 2.1).  
2013 
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Figure 2.1 Flow diagram of study identification and selection in 2013. 
 
2.2.1 Study type  
Thirty studies were identified, including one systematic review(25), one RCT,(56) and twenty-eight 
case series.(17, 18, 21, 23, 24, 27, 28, 57-77)  
 
2.2.2 Fracture type  
Twenty-one studies involved treatment of the mandible in isolation.(17, 18, 21, 24, 25, 57-59, 62-
65, 68-71, 73-77) One study involved treatment of the zygomatic complex.(61) Eight studies 
involved treatment of multiple facial fractures.(23, 27, 28, 56, 60, 66, 67, 72)   
 
2.2.3 Evidence level  
The RCT was randomised prospectively for administration of antibiotic therapy. The primary aim 
of the study was to determine whether perioperative intra-venous antibiotic administration would 
reduce the incidence of post-operative infection for various facial fractures. The authors then 
secondarily reviewed the incidence of infection for the various fracture subtypes and compared 
open vs closed management of mandible fractures from the two primary groups. They also 
secondarily examined the correlation between treatment delay and infection within the mandible 
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fracture subgroup. They found no significant difference in infection rates amongst mandible 
fractures treated with various degrees of delay, regardless of antibiotic administration or not. 
Patients in this study were not randomised according to degree of delay.(56) 
 
The systematic review by Hermund et al exclusively involved mandible fractures.(25) It  included 
in its analysis the aforementioned RCT by Chole and Yee.(56) However, for reasons 
abovementioned, it was not interpreted as an RCT with respect to treatment delay. In addition to the 
Chole and Yee study, Hermund et al(25) identified only five studies for their systematic review that 
allowed for statistical analysis, of which all were retrospective case series.(17, 66, 69, 75, 77) 
Furthermore, Hermund et al stated that none of the studies allowed for a stratified analysis to 
control for ‘‘confounding factors such as severity of fracture, number of fractures, alcohol or drug 
abuse, non-compliance or treatment delay because of an already existing infection being neglected 
by the patient’’.(25)  
 
From the twenty-eight case series identified, twenty-four employed a retrospective analysis.(17, 18, 
23, 24, 27, 28, 57-59, 61, 63-75, 77) Only three case series employed a prospective analysis.(21, 60, 
62) One case series did not identify clearly as either retrospective or prospective.(76) 
 
2.2.4 Sample size  
The smallest sample size of any study reviewed, excluding the systematic review, was twenty-one 
patients.(67) The largest sample size was three hundred and twenty-seven patients.(69) A number of 
studies had larger sample sizes, but the number of patients was reduced in relation to treatment 
delay.  
 
2.2.5 Data collected  
Measure of delay  
Large variation was observed with the quantification of delay. Three studies used a continuous scale 
for delay, measured in days.(57, 58, 77) Seven studies calculated mean delay for groups delineated 
by other variables.(56, 62, 65-67, 74, 75) For example, Stone et al calculated the mean delay for 
patients with and without post-operative complications following operative treatment for 
mandibular fractures.(29) Seventeen studies divided delay into a maximum of five groups of 
varying durations, with differing definitions of ‘delayed, ‘immediate’, or ‘early’ treatment.(17, 18, 
21, 23, 24, 27, 59-61, 63, 64, 68, 69, 71-73, 76) Finally, two studies grouped the entirety of 
participants into a single group with respect to delay. One such study by Nakamura et al grouped all 
one hundred and forty-three participants into a ‘delayed’ treatment group, defined as a delay from 
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injury to treatment of more than three days.(70) The group was then compared with ‘delayed’ and 
‘early’ treatment groups from three other studies.(8, 44, 59)
 
Another study by Zachariades et al 
delineated delay as more than fourteen days.(28)  
 
Other data collected  
Several variables were consistently included in the design of the studies reviewed, such as age, 
gender, fracture aetiology, fracture location, association and disposition of teeth, use of antibiotics, 
treatment modality, and treatment delay. However, examination of treatment delay was not the 
primary variable assessed in a number of the studies reviewed. For this reason, not all of the 
variables were analysed in respect to treatment delay, and vice versa. Other variables that were less 
consistently assessed but likely to contribute to outcomes included patient compliance, operator 
experience, concomitant medical illness or injury, substance abuse, and severity of fracture.  
 
2.2.6 Outcome variables  
Several factors were consistently assessed to determine outcome in the studies reviewed, such as 
infection, wound dehiscence, malocclusion, mal-union, delayed union, and non-union. Other 
variables that were less consistently assessed included scar formation, nerve damage, need for 
revision surgery, masticatory ability, aesthetics, permanent disability, death, and hardware 
exposure. One study analysed the variables of post-operative length of stay, length of ICU stay, and 
length of overall hospital stay to determine outcome.(27) In all but one study, the authors were the 
evaluators of outcomes. Uglesic et al utilised a treatment score system based on both surgeon 
(author) and patient evaluation as a method of assessment of outcome.(76)  
 
2.2.7 Control of confounding variables  
A number of studies utilised restriction when selecting participants in an attempt to minimise 
confounding variables.(17, 23, 27, 56-58, 65, 66, 71, 72) For example, Barker et al excluded 
patients with condylar fractures.(58) This might be because the management of condylar fractures 
varies greatly amongst various units, between various surgeons, and relative to fractures of other 
parts of the mandible, and as such attracts controversy. Also, it is sometimes said that condylar 
fractures typically result in a higher proportion of negative outcomes when compared with other 
mandibular fractures, such that the relationship between treatment delay and outcome may be 
confounded. As abovementioned, one study utilised randomisation in relation to the administration 
of antibiotics.(56) Stratification was utilised by two studies(24, 72), whilst two studies utilised 
multivariate analysis to control for confounding variables.(18, 74) 
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2.2.8 Findings 
Nine studies found a statistically significant relationship between treatment delay and treatment 
outcome (Table 2.1).(17, 28, 57, 60, 61, 67-69, 76) Eight of the nine studies found a direct 
relationship between treatment delay and worse outcomes.(17, 28, 57, 60, 61, 67, 68, 76) The 
outcome
 
variables assessed in each study are shown in Table 2.1. Moulton-Barrett et al found an 
interesting relationship between treatment delay and worse outcomes at days zero to three and more 
than eleven days, and a reduced incidence of worse outcomes between four and ten days.(69) They 
suggested that the worse outcomes beyond eleven days could be explained at least in part by the 
increased proportion of multiply injured patients being treated after such a delay. However, the 
cause of the correlation between worse outcomes and treatment at zero to three days was 
unidentified. The outcome variables examined by Moulton-Barrett et al included infection, mal-
union, and malocclusion. Infection accounted for more than half of all complications.(69) Nineteen 
studies, including the RCT by Chole and Yee, found no statistically significant relationship between 
treatment delay and treatment outcome (Table 2.2).(18, 21, 23, 27, 56, 58, 59, 62-66, 70-75, 77) 
There were two studies with conflicting results (Table 3).(24, 25) Of the two conflicting studies, 
one found no relationship between treatment delay and infection but found a relationship between 
treatment delay and increased difficulty with technical execution of surgery.(24) The other, the 
systematic review by Hermund et al, was unable to draw any conclusions due to marked variability 
in the results.(25)  
 
Although Hermund et al identified twenty-two studies in the literature that related to the effect of 
treatment timing in the management of mandibular fractures, they only specifically commented on 
the findings of six; Wagner et al(77), Maloney et al(17), Moulton-Barrett et al(69), Terris et al(75), 
Chole and Yee(56), and Kaufman et al.(55, 66) These six studies were the only ones identified that 
included sufficient documentation to allow for statistical analysis. All six were identified for 
inclusion in this literature review, as seen in Tables 2.1 and 2.2 below. 
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Table 2.1 Studies identified in 2013 that found a relationship between treatment delay and treatment outcome. 
Author and 
Ref. 
Year 
Fracture 
type 
Variables assessed Measure of delay Outcome of delay Quality 
Zachariades 
et al(28) 
1984 
Mandible, 
maxilla, 
zygomatic 
Cosmesis, malocclusion Delayed (more than 14 days) 
Negative outcomes for 
all variables 
Retrospective case 
series, 27 patients 
Marciani et 
al(67) 
1990 
Mandible, 
mid-face 
Infection, mal-union, non-
union 
Mean delay (days) for two 
groups; post-operative 
complications yes, no 
Negative outcomes for 
all variables 
Retrospective case 
series, 21 patients 
Maloney et 
al(17) 
1991 Mandible 
Chronic suppurative 
osteomyelitis 
< 72 hours, > 72 hours 
Negative outcomes for 
all variables 
Retrospective case 
series, 131 patients 
Anderson, 
Alpert(57) 
1992 Mandible Infection Continuous scale, days 
Negative outcomes for 
all variables 
Retrospective case 
series, 52 patients 
Uglesic et 
al(76) 
1993 Mandible 
Occlusion, masticatory ability, 
cosmesis, infection, trismus, 
non-union 
0-3 days, 4-7 days, > 7days 
Negative outcomes for 
all variables 
Case series, 124 
patients 
Moulton-
Barrett et 
al(69) 
1998 Mandible 
Infection, mal-union, 
malocclusion 
< 3 days, 3-10 days, > 10 days 
Negative outcomes for 
all variables 0-3 days, 
and >11 days 
Retrospective case 
series, 286 patients 
Courtney 
(61) 
1999 Zygomatic Need for internal fixation 1-4, 5-9, 10-16 days 
Negative outcomes for 
all variables 
Retrospective case 
series, 50 patients 
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Becelli et 
al(60) 
2000 Facial  Cosmesis and function 
Immediate (within a few hours), 
delayed (at least 2 weeks) 
Negative outcomes for 
all variables 
Prospective case 
series, 26 patients 
Mathog et 
al(68) 
2000 Mandible Non-union 0-24 hours, > 24 hours, > 5 days 
Negative outcomes for 
all variables 
Retrospective case 
series, 25 patients 
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Table 2.2 Studies identified in 2013 that found no relationship between treatment delay and treatment outcome. 
Author 
and Ref. 
Year Fracture type Variables assessed Measure of delay Outcome of delay Quality 
Wagner et 
al(77) 
1979 Mandible 
Delayed union, non-
union, mal-union, 
infection, scar, nerve 
disturbance 
Continuous scale, days 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 82 
patients 
Frost et 
al(63) 
1983 Mandible Hardware removal  
Immediate, 1-2 days, 3-4 days, 5-6 
days, 7 days 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 75 
patients 
Press et 
al(72) 
1983 
Facial with 
extra-facial 
trauma 
Malocclusion, 
infection, cosmesis 
0 days, 1-5 days, 6-10 days, >10 
days 
No significant change 
in outcomes for all 
variables* 
Retrospective 
case series, 73 
patients 
Kaufman 
et al(66) 
1984 
Facial with 
intra-cranial 
injury 
Infection, mal-union 
Mean delay (days) for four groups; 
post-operative infection yes, no, and 
post-operative mal-union yes, no 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 53 
patients 
Chole, 
Yee(56) 
1987 Facial# Infection 
Mean delay (days) for two groups; 
post-operative infection yes, no 
No significant change 
in outcomes for all 
variables 
Randomised 
controlled trial, 
79 patients 
Derdyn et 
al(23) 
1990 
Facial with 
cerebral trauma 
Long-term disability 
Early (0 to 3 days), middle (4 to 7 
days), late (after 7 days) 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 49 
patients 
57 
 
Barnard, 
Hook(59) 
1991 Mandible 
Infection, dehiscence, 
malocclusion, non-
union 
Within 24 hours, delayed (>24 
hours) 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 327 
patients 
Smith(73) 1991 Mandible 
Wound dehiscence, 
infection, delayed 
union, mal-union, 
hardware removal 
2 days, 3 days, 4-7 days, 7-11 days 
(all considered “delayed”) 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 40 
patients 
Iizuka, 
Lindqvist 
(65) 
1992 Mandible Infection 
Mean delay (days) for two groups; 
post-operative infection yes, no 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 214 
patients 
Stone et 
al(74) 
1993 Mandible Infection 
Mean delay (days) for two groups; 
post-operative infection yes, no 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 284 
patients 
Terris et 
al(75) 
1994 Mandible Infection, mal-union 
Mean delay (days) for two groups; 
post-operative major complications 
yes, no 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 36 
patients 
Nakamura 
et al(70) 
1994 Mandible 
Malocclusion, 
dehiscence, delayed 
union, infection 
Delayed (more than three days) 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 110 
patients 
Ellis, 
Walker 
(62) 
1996 Mandible^ Return to theatre 
Mean delay (days) for two groups; 
required further surgical intervention 
yes, no 
No significant change 
in outcomes for all 
variables 
Prospective case 
series, 81 patients 
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Peled et 
al(71) 
1997 Mandible 
Malocclusion, 
dehiscence, infection, 
nerve disturbance 
<24 hours, 24-48 hours 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 143 
patients 
Weider et 
al(27) 
1999 Facial 
Length of admission, 
length in ICU, infection 
Early (<48 hours), late (>48 hours) 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 49 
patients 
Maloney et 
al(21) 
2001 Mandible Infection 
<24 hours, 24-48 hours, >48-72 
hours, >72 hours 
No significant change 
in outcomes for all 
variables^ 
Prospective case 
series, 52 patients 
Furr et 
al(64) 
2006 Mandible 
Infection, mal-union, 
non-union, hardware 
exposure 
Injury to admission; same day, 1-4 
days, 5 or more days. Admission to 
repair; same day, 1-4 days, 5 or more 
days. 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 271 
patients 
Czerwinski 
et al(18) 
2008 Mandible Infection 72 hours or less, more than 72 hours 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 177 
patients 
Barker et 
al(58) 
2011 Mandible 
Mal-union, non-union, 
infection, 
Continuous scale, days 
No significant change 
in outcomes for all 
variables 
Retrospective 
case series, 83 
patients 
# Delay assessed in relation to mandibular fractures only. 
* Trend towards increased cosmetic complications. 
^ Fractures restricted to those of the mandibular angle. 
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Table 2.3 Studies identified in 2013 that found a conflicted relationship between treatment delay and treatment outcome. 
Author and 
Ref. 
Year 
Fracture 
type 
Variables assessed 
Measure of 
delay 
Outcome of delay Quality 
Biller et 
al(24) 
2005 Mandible 
Infection, technical 
complications 
0 to 3 days, 
> 3 days 
No significant change in outcomes for infection, but 
negative outcomes for technical complications 
Retrospective case 
series, 84 patients 
Hermund et 
al(25) 
2008 Mandible All reported All reported Results inconclusive 
Systematic review, 
22 studies 
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2.3  Second results  
In 2019, an additional twenty-two studies were obtained (Figure 2.2). Full text publications 
were accessible for all identified studies, from both the preliminary searches and subsequent 
cross-referencing.  
 
2013 - 2019 
 
Figure 2.2 Flow diagram of study identification and selection in 2019. 
 
2.3.1 Study type  
Twenty-two further studies were identified, including three systematic reviews(55, 78, 79), and 
nineteen case series.(80-98) As with the first literature search in 2013, cross-referencing proved 
useful by allowing the identification of several extra studies. In alignment with the primary 
literature search in 2013, as per the methods and materials section above (2.1), studies dated prior to 
1979 were excluded due to the considerable differences in surgical and medical methods of 
management employed before this time. Additional exclusion criteria included both non-English 
language publications, studies explicitly examining the paediatric population, and, in relation to 
orbital trauma, studies involving the surgical management of orbital compartment syndromes, globe 
trauma, and non-paediatric orbital fractures with muscular entrapment. These orbital trauma type 
61 
 
studies were excluded from the literature search as the evidence in relation to their ideal treatment 
timing is considered to be fairly well established and universally agreed upon.(55) Studies were 
again assessed by study type, evidence level, sample size, data collected, outcome variables, control 
of confounding variables, and findings. Studies examining treatment delay in relation to facial 
fracture management as a secondary variable were also included.  
 
2.3.2 Fracture type  
Six studies involved treatment of the mandible in isolation(79, 85, 88, 91, 93, 98), twelve involved 
treatment of the orbit in isolation(55, 78, 80-82, 84, 86, 87, 94-97), and one involved treatment of 
the nasal bones in isolation.(89) Three studies involved treatment of multiple facial fractures.(83, 
90, 92)  
 
2.3.3 Evidence level 
The systematic review by Dubois et al comprised of studies examining the effects of treatment 
delay in orbital fracture reconstruction, in both adults and children.(55) They included English, 
German, and Dutch studies in their review. Those with less than ten subjects were excluded. A total 
of seventeen studies were identified; two were prospective case series, and fifteen were 
retrospective case series. Six of the retrospective studies involved paediatric fractures, not of 
relevance to this research. Additionally, the two prospective studies and two of the retrospective 
studies were found not to produce conclusive results.  
 
The systematic review and meta-analysis by Damgaard et al similarly comprised of studies 
examining the effects of treatment delay in orbital fracture reconstruction.(78) Studies published in 
English, of isolated orbital blowout fractures, and with a discernible separation of delay allowing 
grouping of less than, and more than fourteen days were included. In parallel with this research’s 
own exclusion criteria, studies including fractures other than isolated blowout fractures were 
excluded by Damgaard et al, as were those including acute surgery indications (presumably orbital 
compartment syndromes or trap-door type fractures). Studies aimed purely towards the paediatric 
population were excluded as well. A total of five retrospective case series were included. 
  
The systematic review by Stone et al comprised of studies examining the effects of treatment delay 
in mandible fractures specifically treated by ORIF.(79) Inclusion criteria included English studies, 
focusing on the adult population, of patients receiving ORIF of traumatic mandible fractures, which 
reported on treatment delay and post-operative complications. Abstracts, case reports and review 
articles were excluded, as were those involving pathological mandible fractures, and mandible 
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fractures treated with closed methods only. A total of twenty studies were identified for inclusion. 
Nineteen were retrospective in nature. Interestingly, Stone et al extracted data from a relatively 
large number of retrospective case series, many not designed by their authors to examine the 
influence of treatment delay as a primary variable, and re-examined the data in a different manner 
to the original, to effectively create eleven case-control and nine cohort studies.(79) They comment 
that due to the retrospective nature of all but one of the included studies, incomplete data reporting 
and insufficient data stratification were frequently encountered. Furthermore, they comment that 
with included studies spanning a time period of almost forty years, great heterogeneity existed 
amongst many of the variables analysed.  
 
All nineteen of the additional case series identified since the 2013 literature review were 
retrospective in nature.(80-98) 
 
2.3.4 Sample size  
The systematic reviews by Dubois et al(55), Damgaard et al(78), and Stone et al(79) included 
seventeen, five, and twenty studies respectively. As abovementioned, Dubois et al included only 
eleven adult studies. The smallest case series included twenty-eight patients(80), and the largest 
nine hundred and fifty-two patients.(97)   
 
2.3.5 Data collected  
Measure of delay   
As with the initial literature review in 2013, large variation was observed amongst the studies 
identified with respect to the quantification of delay. Two case series used a continuous scale for 
delay; Lee et al used days(88), whereas Subramaniam et al used days to admission, but hours from 
admission to theatre.(93) The remainder of the case series divided patients amongst seemingly 
random, heterogenous allotments of delay. For example, Janus et al had two groups; early (one to 
five days), and late (six or more days).(83) This is in contrast to the groups defined by Ogundipe et 
al; delayed (between twenty-four hours and seven days), and late (greater than seven days).(92) The 
two-week mark from injury to surgery was a common separation point for orbital reconstructions, 
although two studies used the one-week mark(96, 97), and one used two months to define early 
versus late.(94)  
 
Other data collected 
As with the papers identified in the 2013 search, several variables were consistently included in the 
design of the studies reviewed, such as age, gender, fracture aetiology, fracture location, association 
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and disposition of teeth, use of antibiotics, treatment modality, and treatment delay. However, 
examination of treatment delay was not the primary variable assessed in a number of the studies 
reviewed. For this reason, not all of the variables were analysed in respect to treatment delay, and 
vice versa. Other variables that were less consistently assessed but likely to contribute to outcomes 
included patient compliance, operator experience, concomitant medical illness or injury, substance 
abuse, severity of fracture, fracture favourability, socioeconomic status, access to care, and 
homelessness or imprisonment. 
 
2.3.6 Outcome variables  
One particular difference between the two separate literature searches was the availability of 
isolated orbital studies. Of relevance to orbital trauma surgical outcomes, diplopia and/or ocular 
motility outcome was of universal importance. Likewise, enophthalmos was almost always 
assessed. Less commonly, ION function was assessed. Mostly, the other identified non-orbital 
studies utilised fairly standard outcome measures such as those identified from the initial literature 
search; infection, wound dehiscence, malocclusion, mal-union, delayed union, non-union, return to 
theatre, hardware failure, and nerve injury. Of difference, Subramaniam et al primarily investigated 
the requirement for post-operative medical interventions following mandibular fracture surgery, in 
an attempt to justify outpatient, day-case type management.(93) Uniquely, Janus et al investigated 
intra-operative blood loss as an outcome of mandibular fracture management.(83) In relation to 
isolated nasal bone trauma, the single study identified by Perkins et al assessed patient satisfaction 
and amenability of fragment manipulation as outcome measures.(89)  
 
2.3.7 Control of confounding variables  
As with the papers identified in the 2013 search, a number of studies utilised restriction when 
selecting participants in an attempt to minimise confounding variables. For example, amongst other 
things, Hammond et al excluded patients with condylar fractures, previous fractures, and fractures 
in participants less than eighteen years of age.(91) A number of the studies identified utilised 
statistical methodology such as multivariate analysis to control for confounding variables.  
 
2.3.8 Findings  
Three studies found a statistically significant relationship between treatment delay and treatment 
outcome (Table 2.4).(80-82) All of these studies, isolated orbital trauma studies, found a direct 
relationship between treatment delay and worse outcomes, with respect to the incidence of post-
operative diplopia, enophthalmos, and ION dysfunction.  
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Eleven studies found no statistically significant relationship between treatment delay and treatment 
outcome (Table 2.5).(83-93)  
 
There were eight studies with conflicting or uncertain results (Table 2.6), including an orbital 
systematic review in 2015 and an orbital systematic review and meta-analysis in 2016.(55, 78, 79, 
94-98) Of note, the 2015 systematic review by Dubois et al(55) included six of the ten case series 
otherwise identified by this PhD literature review(80, 81, 84, 86, 94, 97), and the 2016 systematic 
review and meta-analysis by Daamgard et al(78) identified the review by Dubois et al(55), along 
with a differing six of ten case series otherwise identified by this PhD literature review.(81, 84, 86, 
87, 95, 96) However, for the meta-analysis, only five studies met inclusion criteria.  
 
The earliest study of the 2019 review, by Hawes and Dortzbach in 1983, found worse outcomes for 
enophthalmos and EOM dysfunction with a delayed approach, but no significant change in 
outcomes for ION dysfunction.(94) Of interest however, they state that none of their forty   -three 
“early” cases had enophthalmos pre-surgery, but three had enophthalmos greater than two 
millimetres post-surgery. They also note that seven of the eight “late” cases had pre-surgical 
enophthalmos, and four of eight had post-surgical enophthalmos. They also determined that small 
and medium sized fractures did not develop post-surgical enophthalmos, whereas large fractures, 
whether treated early or late, could develop enophthamos. Regarding EOM dysfunction, 7% of 
early cases, versus 38% of late cases had post-surgical EOM dysfunction, defined as diplopia within 
thirty degrees of primary gaze.(94) Although this study was a relative landmark study at the time of 
publication, several shortcomings are noted; the retrospective caries series of only fifty-one patients, 
only eight participants in the “late group”, the two-month cut-off between early and late groups, the 
plain film assessment of injury, the unclear method of reconstruction, and the poorly defined 
“minimum” six-week follow-up period.(94) Regarding the Dubois study, their review included two 
prospective studies and fifteen retrospective studies, all examining the outcomes of treatment delay 
in the management of isolated orbital fractures.(55) Of the fifteen retrospective studies, six were 
paediatric and were ignored for purposes of this research. With the remainder, Dubois et al 
concluded that the two identified prospective studies did not elucidate enough evidence to 
determine the influence of treatment delay in the management of orbital fractures. Similarly, five of 
the retrospective studies delivered inconclusive results. However, they found that four of the 
retrospective studies supported better outcomes with less delay, particularly in relationship to 
enophthalmos and ocular motility.(55) The orbital systematic review and meta-analysis by 
Daamgard et al found treatment delay not to alter the incidence of ongoing post-operative 
enophthalmos, but found worse outcomes with respect to delay and post-operative diplopia.(78) 
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These findings were supported in the case series by Hosal and Beatty(95), but conflicted with the 
results of Poeschl et al(96), who found treatment delay to be associated with improved outcomes for 
diplopia, without significant influence on enophthalmos. It should be noted however that the study 
by Poeschl et al delineated between early and late at one week, rather than two.(96) Different again, 
Shin et al found treatment delay to negatively influence both post-operative extraocular movement 
and enophthalmos, but not diplopia.(97) Confusingly, they separated the entities of diplopia and 
extraocular movement limitation in their study and it is not entirely clear whether the study 
participants were able to score for both outcomes, or only for one or the other. Of note, they found 
diplopia to be approximately three times more common than extraocular movement limitation.(97) 
The third systematic review, by Stone et al, reviewed twenty studies relating to mandible fracture 
management and treatment delay.(79) They stated, “there is insufficient data to reliably determine 
the importance of treatment delay as an independent predictor of post-operative complications 
following ORIF of traumatic mandible fractures”.(79) Finally, the mandible study by Gazal et al 
appeared to be a poorly conducted study and did not clearly outline any findings.(98)  
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Table 2.4 Studies identified in 2019 that found a relationship between treatment delay and treatment outcome. 
 
 
 
 
 
 
 
 
 
 
 
 
Author and 
Ref. 
Year Fracture 
type 
Variables assessed Measure of delay Outcome of delay Quality 
Verhoeff et 
al(80) 
1998 Orbital Enophthalmos, EOM, ION < 2 weeks, > 2 weeks 
Negative outcomes for 
all variables 
Retrospective case 
series, 28 patients 
Brucoli et 
al(81) 
2011 Orbital Enophthalmos, EOM, ION < 2 weeks, > 2 weeks 
Negative outcomes for 
all variables 
Retrospective case 
series, 40 patients 
Yu et al(82)  2016 Orbital Diplopia 
Within 2 weeks, 2-4 
weeks, > 4 weeks 
Negative outcomes for 
diplopia 
Retrospective case 
series, 255 patients 
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Table 2.5 Studies identified in 2019 that found no relationship between treatment delay and treatment outcome. 
Author and 
Ref. 
Year 
Fracture 
type 
Variables assessed Measure of delay Outcome of delay Quality 
Janus et 
al(83) 
2008 
Multiple mid-
facial 
Surgical blood loss, operative 
time, readmission, return to 
theatre 
Early (1-5 days), 
late (> 5 days) 
No significant change in 
outcomes for all variables^ 
Retrospective case 
series, 34 patients 
Dal Canto, 
Linberg(84) 
2008 
Orbital floor 
and medial 
wall 
EOM 
Early (1-14 days), 
delayed (15-29 
days) 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 58 patients 
Lucca et 
al(85) 
2010 Mandible 
Infection, malocclusion, non-
union, mal-union, wound 
dehiscence 
Early (0-72 hours), 
Late (> 48 hours) 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 92 patients 
Shin et al(86) 2011 
Orbital floor 
and medial 
wall 
Enophthalmos, EOM, ION 
Early (< 2 weeks), 
delayed (2 weeks 
to 1 month) 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 591 patients 
Hwang et 
al(87) 
2012 
Orbital 
blowout 
Enophthalmos, EOM 
Early (0-7 days), 
late (8-14 days), 
delayed (> 15 days) 
No significant change in 
outcomes for all variables 
retrospective case 
series, 242 patients 
Lee et al(88) 2016 Mandible 
Infection, mal-union, non-union, 
delayed union, wound 
dehiscence 
Continuous scale, 
days 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 505 patients 
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^Trend towards increased blood loss in early group. 
 
 
Perkins et 
al(89) 
2017 Nasal 
Amenable to manipulation, 
patient satisfaction with 
cosmesis 
< 15 days, 15-21 
days, > 21 days 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 50 patients 
Rothweiler et 
al(90) 
2017 
Facial with 
“poly-
trauma” 
Infection, mechanical 
complications, neurological 
complications, ophthalmological 
complications 
Early (0-72 hours), 
delayed (> 72 
hours) 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 168 patients 
Hammond et 
al(91) 
2017 Mandible 
Return to theatre, infection, 
hardware removal, non-union, 
malocclusion 
< 24 hours, 24-72 
hours, 72 hours – 1 
week, >1 week 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 708 patients 
Ogundipe et 
al(92) 
2018 
Mandible, 
maxilla, 
zygomatic 
Infection, wound dehiscence, 
malocclusion, non-union, 
fracture stability, neurosensory 
disturbance, damage to vital 
structures, hardware failure 
Delayed (> 24 
hours - 7 days), late 
(> 7 days) 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 31 patients 
Subramaniam 
et al(93) 
2018 Mandible 
Post-operative medical 
requirements 
Continuous scale, 
days pre-
admission, hours 
admission to 
surgery 
No significant change in 
outcomes for all variables 
Retrospective case 
series, 173 patients 
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Table 2.6 Studies identified in 2019 that found a conflicted relationship between treatment delay and treatment outcome. 
Author and 
Ref. 
Year 
Fracture 
type 
Variables 
assessed 
Measure of delay Outcome of delay Quality 
Hawes, 
Dortzbach 
(94) 
1983 
Orbital 
floor 
Enophthalmos, 
EOM, ION 
Early (< 2 months), late (> 2 
months) 
Negative outcomes for enophthalmos and 
EOM. No significant change in outcomes for 
ION. 
Retrospective 
case series, 51 
patients 
Hosal, 
Beatty(95) 
2002 
Orbital 
blowout 
Enophthalmos, 
EOM 
< 2 weeks, > 2 weeks, and 
mean delay (days) for two 
groups; diplopia yes, no 
No significant change in outcomes for 
enophthalmos.  Negative outcomes EOM. 
Retrospective 
case series, 42 
patients 
Poeschl et 
al(96) 
2012 
Orbital 
blowout 
Enophthalmos, 
EOM 
< 1 week, > 1 week 
No significant change in outcomes for 
enophthalmos.^ Positive outcomes for EOM. 
Retrospective 
case series, 60 
patients 
Shin et 
al(97) 
2013 
Orbital 
blowout 
Enophthalmos, 
EOM, ION 
< 1 week, > 1 week 
Negative outcomes for enophthalmos and 
EOM (No significant change in outcomes for 
diplopia) 
Retrospective 
case series, 952 
patients 
Dubois et 
al(55) 
2015 Orbital All reported All reported 
Prospective studies (2); results inconclusive. 
Retrospective studies (9); 5 results 
inconclusive, 4 found negative outcomes for 
enophthalmos and EOM 
Systematic 
review, 17 
studies* 
Gazal(98) 2015 Mandible 
Numbness, 
malocclusion, 
infection 
< 24hours, 24-72 hours, > 
72 hours 
Not clearly reported 
Retrospective 
case series, 91 
patients 
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*6 of 17 studies excluded from interpretation as paediatric patients included. 
^ Trend towards positive outcomes after 7 days. 
 
 
 
 
Damgaard 
et al(78) 
2016 Orbital 
Enophthalmos, 
EOM 
Early (< 14 days), Late (> 
14 days) 
No significant change in outcomes for 
enophthalmos, but negative outcomes for 
EOM 
Systematic 
review and 
meta-analysis, 5 
studies 
Stone et 
al(79) 
2018 Mandible All reported All reported Results inconclusive 
Systematic 
review, 20 
studies 
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2.4 Summary of findings 
2.4.1 Mandible  
Twenty-seven studies were identified in the literature over the entire review period that analysed 
outcomes of mandible fracture treatment in isolation with respect to treatment delay.(17, 18, 21, 24, 
25, 57-59, 62-65, 68-71, 73-77, 79, 85, 88, 91, 93, 98) Of the twenty-seven, there were twenty-three 
retrospective case series(17, 18, 24, 57-59, 63-65, 68-71, 73-77, 85, 88, 91, 93, 98), two prospective 
case series(21, 62), and two systematic reviews.(25, 79)   
 
The first systematic review, by Hermund et al in 2008, stated that ‘‘there is presently no strong 
evidence for either acute or delayed treatment of mandibular fractures in order to minimise healing 
complications”.(25) They identified only six studies that allowed for statistical analysis for their 
systematic review. The second systematic review, by Stone et al in 2018, stated that “there is 
insufficient data to reliably determine the importance of treatment delay as an independent predictor 
of post-operative complications following ORIF of traumatic mandible fractures”.(79) They also 
comment that well-designed prospective studies are required. Unfortunately, during their work, 
Stone et al did not have access to, or failed to identify the publication “A prospective study 
examining the effects of treatment timing in the management of mandible fractures” by Hurrell et 
al, which arose from work done during this research.(99)  
 
As aforementioned, of the twenty-five case series, only two were prospective. The first, by Ellis and 
Walker in 1996, was not primarily investigating the effects of treatment delay, but rather the 
suitability of a single, transorally inserted, non-compression miniplate for fixation of mandibular 
angle fractures.(62) The study included eighty-one patients of which 16% developed complications. 
Mean treatment delay was not found to be significantly different between the group with 
complications, and that without. The study did not control for confounding factors such as patient 
compliance, substance abuse, or medical comorbidities.(62)  The other prospective case series was 
that by Maloney et al in 2001, which attempted to validate a protocol for managing mandibular 
fractures communicating with the oral cavity based on time from injury to treatment.(21) The 
protocol involved administration of intra-venous antibiotics and rigid IMF for delayed presentations 
for a period equal to that of the time from injury to presentation, before definitive treatment was 
undertaken. Delay was determined as anything greater than seventy-two hours. Only fifty-two 
patients were included in the study, with only seven patients presenting after seventy-two hours. 
The sole outcome measure was infection, of which there was only one case in the entire study (non-
delay group). The treatment offered to patients was considerably different to that of most 
institutions today; 2mm-thick plates were used with 2.7mm bicortical screws, rather than 
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miniplates, always in conjunction with a period of post-operative rigid IMF unless edentulous. 
Further, completely closed management with rigid IMF was common, being utilised in twenty-two 
of fifty-two patients.(21) Although the authors were strongly of the opinion that treatment delay is 
associated with increased rates of infection, their study did not support this finding.  
 
Of the twenty-three retrospective case series, five found treatment delay to be associated with worse 
outcomes(17, 57, 68, 69, 76), whereas sixteen found no association between treatment delay and 
outcomes.(18, 58, 59, 63-65, 70, 71, 73-75, 77, 85, 88, 91, 93) Two studies were inconclusive; one 
was inept(98), whereas the other found treatment delay to be associated with an increased incidence 
of technical complications such as facial nerve weakness, inadequate soft tissue closure and 
erroneous hardware placement, but not with infectious outcomes.(24) 
 
2.4.2 Zygoma 
Only one study was identified in the literature over the entire review period that analysed outcomes 
of zygomatic fracture treatment in isolation with respect to treatment delay.(61) The study by 
Courtney in 1999 was a retrospective case series of fifty patients with zygomatic fractures. The 
primary aim of the study was to investigate whether an upper buccal sulcus approach was suitable 
for fracture reduction, which it was.(61) Although many surgeons prefer to utilise the Gillies type 
approach to reduce zygomatic fractures, anecdotally, there are certainly many who routinely use the 
upper buccal sulcus Keen’s approach. Thus, Courtney’s findings are relatively intuitive and not 
particularly surprising. Following reduction, a number of the fractures in the series required 
stabilisation with hardware. The author noted that as treatment delay increased, the requirement for 
hardware increased with ZMC fractures. For delays less than ten days, only 14% of fractures 
required hardware stabilisation, whereas for delays ten days and longer, 50 percent required 
hardware fixation. Clinical outcomes were otherwise apparently equivalent.(61) Although an 
interesting finding, the requirement for hardware fixation in the management of zygomatic fractures 
is multifactorial and likely depends more on the fracture pattern and degree of comminution. In the 
fifty patients in Courtney’s study, only four required transcutaneous surgical approaches to allow 
access for plating, and the maximum reported operative time was only twenty-five minutes.(61) 
These findings hint at a cohort of patients with relatively minor injury severity and/or an acceptance 
of a less precise reduction than what is currently considered acceptable.  Further, many would argue 
that if the zygomatic buttress has been exposed, as per the Courtney protocol, that there is little 
additional morbidity in placing a miniplate and would almost do so as a routine. Nevertheless, in 
relation to this research, the study supports the feasibility of reduction of zygomatic fractures up to 
sixteen days and suggests that the reduction of older fractures may be more unstable. The study did 
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not provide evidence for other traditional outcome measures of zygomatic fracture management in 
relation to treatment delay such as reduction outcome, facial symmetry restoration, scarring, eye 
complications and trismus.  
 
2.4.3 Other fractures  
Prior to the second literature search, there were no known studies investigating the effects of 
treatment delay on facial injuries such as isolated nasal, frontal, orbital or NOE fractures. Recently, 
when repeating the literature search, a total of twelve isolated orbital studies(55, 78, 80-82, 84, 86, 
87, 94-97) and one isolated nasal bone study(89) were identified. To date, there is still no literature 
known that is dedicated to the investigation of the effects of treatment timing in the management of 
frontal bone or frontal sinus injury.  
 
2.4.3.1 Orbit  
Regarding orbital fractures, there is a fair degree of consistency in the literature regarding the need 
for rapid management of orbital compartment syndrome, trap-door type fractures with systemic 
signs, ocular injuries, and also to a certain degree, lid margin and nasolacrimal injuries. 
Inconsistency arises with regard to the ideal timing for treatment of orbital blow-out type fractures 
in adults. Anecdotally, it seems that good outcomes are achievable with prolonged periods of delay, 
often necessitated by late patient presentation, or concomitant ocular or intra-cranial injury. There is 
also the common argument that orbital reconstruction within the first few days post-injury is more 
difficult and hence more likely to lead to sub-optimal results, in the presence of significant 
periorbital oedema. There is another belief, held by some of the oral and maxillofacial fraternity, 
that a phenomenon known as “delayed enophthalmos” is more difficult to treat late, as opposed to 
pre-emptively. But how do we know which patients will develop delayed enophthalmos? Some 
would argue that a size-based criterion for fractures is useful. However, no well-defined standards 
with a high degree of both sensitivity and specificity have been published. Those on the other side 
of the table would present the following arguments: 1) complications of orbital surgery can be 
devastating, 2) a small-moderate degree of enophthalmos is not likely to be of great significance to 
a large proportion of the population, 3) diplopia is known to improve over an extended period of 
time, greater than which is often allowed, 4) large fractures, both medial, inferior, and combined, 
are at times observed to be of no apparent consequence, and 5) late enophthalmos can be treated 
adequately at least some of the time. Furthermore, in the era of patient-specific implants, robotic 
surgery, and navigation-assisted surgery, could it be the case that the success rate for difficult cases 
radically improves?  
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A total of twelve studies have been identified in the literature that specifically aim to clarify the 
effects of treatment delay in the management of orbital blow-out type fractures; ten retrospective 
case series(80-82, 84, 86, 87, 94-97), a systematic review(55), and a systematic review and meta-
analysis.(78) Sample sizes for the case series ranged from just twenty-eight(80), to an impressive 
952.(97) The systematic review by Dubois included eleven adult case series(55), whereas the meta-
analysis by Daamgard included only five.(78) Measures of delay were variable, but most commonly 
the two-week mark was utilised to delineate early from delayed. This approach seems less precise 
than using a daily measure, but fits with clinical practice where patients are often treated pre-
emptively within two weeks if they have very large fractures or restriction, but monitored closely 
and often operated on after two weeks if they have mild but improving diplopia, and/or small-
moderate sized fractures, and/or a small but significant degree of enophthalmos. Outcome variables 
assessed in the literature quite universally included enophthalmos, diplopia or EOM restriction, and 
ION dysfunction. Marked variation in the measure of each was evident. Although by no means a 
definitive or unanimous finding, the trend appears to be toward improving outcomes for diplopia 
with early treatment, and the same but less-so the for enophthalmos, but this is a very weak 
suggestion. In all probability, the importance of treatment timing in the surgical management of 
orbital blowout fractures without indications for urgent treatment is probably less relevant than 
surgical experience and expertise.  
 
2.4.3.2 Nasal  
There was only one study identified in the literature that specifically aimed to address the effects of 
treatment delay in the management of isolated nasal bone fractures.(89) The study, by Perkins et al, 
a group of Ear Nose and Throat surgeons from the United Kingdom, was published in 2017 and 
primarily investigated whether nasal bone fractures were still able to be manipulated with a greater 
than two-week delay. The study was retrospective, with a small cohort, and did not describe 
whether surgery was performed under general or local anaesthesia. Further, an objective measure of 
overall success such as clinician determined cosmesis, and/or airway patency was not used. Rather, 
they sought only to determine whether bones could be moved after two weeks, and whether patients 
were satisfied in the post-operative period. Interestingly, fracture manipulation ability was not 
significantly different, being greater than 80 percent amongst the three groups; less than fifteen 
days, fifteen to twenty-one days, and greater than twenty-one days.(89) Many surgeons would not 
offer a manipulation for nasal bone fractures after two or certainly three weeks, but this study shows 
it may be feasible. The study did not aim to define an upper limit to operable cases in terms of 
delay.  
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2.5 Discussion   
The objective of this literature review was to determine, with respect to treatment delay, aspects of 
management of facial fractures that could be significantly enhanced by research. By reviewing the 
literature, it is apparent that the currently available evidence is lacking in quality and consistency. 
Aspects of the literature that have been identified for targeted improvement are as follows:  
 
• Quality: The vast majority of studies found by the search of the literature were retrospective 
case series and were therefore of a low evidence level. Small sample sizes were also 
prevalent. The retrospective nature of the majority of reviewed studies limits the potential to 
minimise variances caused by bias and confounding. Prospective studies, ideally randomised 
and controlled, are very much needed. Prospectively randomising patients with respect to 
treatment delay would likely raise ethical concerns. Prospective case series and case–control 
studies with a large number of patients and sophisticated control of validity would provide 
an alternative.  
 
• Focus: A relatively large proportion of the published research regarding the influence of 
treatment delay in the management of facial fractures has been carried out as a secondary 
objective. For example, the RCT by Chole and Yee was primarily designed to investigate 
the utility of antibiotic prophylaxis for varying types facial fractures.(56)   
 
• Validity: Analysis of the studies has resulted in the identification of a multitude of variables, 
which due to their inherent variation, could likely have affected validity. Such variables 
identified include:  
 
o Severity, location, and number of fractures 
o Involvement of teeth (and associated dental pathology) in fractures   
o fracture aetiology 
o treatment modality 
o patient age, gender, ethnicity 
o patient medical and dental status 
o substance abuse 
o homelessness and self-neglect prior to and post-admission 
o neurological and other concomitant injury and associated treatments 
o pre-operative non-surgical management 
o surgical skill and clinical decision making  
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o resource availability  
o antibiotic administration 
o patient compliance 
o period and frequency of follow-up 
o radiographic investigation modalities  
 
 The awareness of such variables is important to minimise confounding. The association 
between treatment delay, poor outcomes, and the aforementioned variables is complicated. 
For example, treatment delay may directly relate to the limited availability of a particular 
treatment modality. Likewise, a successfully managed delay may only be possible with the 
use of a particular antibiotic therapy. These recognised variables cannot be ignored. Many of 
the studies allowed for consideration of only a small and fluctuating number, and only a 
small number of the studies were able to control for variance during statistical analysis with 
stratification or multivariate statistical analysis. Additionally, although several studies 
allowed for evaluation of the aforementioned factors, the evaluation was not always relevant 
when the study was analysing treatment delay. 
 
One particular variable that requires special discussion, owing to the frequency of its 
reference in the evaluated literature, is patient compliance. Although commonly cited as a 
contributing factor to treatment failure(17, 18, 21, 25, 59, 62, 65, 67-69, 74, 79, 85, 88), 
only two of the reviewed studies actually made an attempt to quantify its effect.(67, 88) In 
1990, Marciani et al attempted to retrospectively analyse the effects of compliance on 
outcomes of facial fracture treatment with a very small cohort of twenty-five participants, 
with a variety of facial fracture types.(67) Compliance was not a standardised outcome 
measure, with nine differing types of non-compliance documented. The study found no 
significant association between compliance and outcomes.(67) However, the study has 
obvious shortcomings. More recently, Lee et al, included patient compliance as a secondary 
variable in an isolated mandible study primarily designed to assess the effects of treatment 
delay.(88) As with Marciani et al, there was no statistically significant influence found with 
respect to patient non-compliance.(88) However, again shortcomings were evident; the 
study was retrospective, and compliance was only measured by attendance at post-operative 
review appointments.   
 
• Statistical analysis: A large proportion of the studies did not employ any statistical analysis. 
Several studies utilised simple bivariate analysis to assess whether particular single variables 
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affected outcomes. Very few studies provided for a multivariate statistical model.  
 
• Variable measurement: Another issue identified within the currently available literature is 
the way that authors measured variables, in particular, delay. The arbitrary delineation of 
‘delayed’ and ‘immediate’ groups based on time from injury to treatment seems less than 
ideal. Measuring delay as a continuous variable (for example, in days), seems most logical. 
Furthermore, to improve interpretability, accuracy, and transparency, outcome variables 
should be standardised where feasible. Such outcome variables identified in the literature 
and attributed to treatment delay in the management of facial fractures include:  
 
o Infection, including abscess and osteomyelitis 
o Pain 
o Fibrosis or callus formation complicating surgery 
o Delayed union, mal-union and non-union 
o Wound dehiscence 
o Malocclusion 
o Sensory abnormalities 
o Facial deformity 
o Difficult mastication 
o Trismus 
o Enophthalmos 
o Diplopia 
o Hardware exposure or extrusion 
o Facial emphysema 
o Retrobulbar haematoma and subsequent sight loss 
o Increased length of hospital stay 
o Days in the ICU and days on a ventilator 
o Need for revision surgery 
o Weight loss 
o Prolonged rehabilitation 
o Death 
 
• Fracture subtype focus: Several of the studies identified interpreted all facial fractures as an 
individual entity. It seems obvious, however, that each facial fracture pattern has its own 
uniqueness not only in presentation, but also approach to management, complication types, 
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and consequences.  Regarding fracture subtypes, there is a sizeable collection of literature 
available regarding the timing of treatment of mandible fractures, but a relative scarcity for 
other fracture patterns. Particularly with zygomatic fractures, there is complete absence of 
any literature primarily aimed at analysis of the effects of treatment delay. However, even 
within the mandibular fracture literature there is a great deal of conjecture and discrepancy 
regarding findings and recommendations.  
 
• Scope of effect: The scope of effect of treatment delay has yet to be fully analysed. There 
exists a gap in the literature for the assessment of treatment delay not only more accurately 
and thoroughly, but also more broadly, by evaluating complications of delay such as long-
term quality of life, mental impact, costs to the patient, costs to government, inter-hospital 
transfer policies, funding, resource allocation, staff training, and availability. Furthermore, 
technical advances should allow for a greater understanding of physiological factors that 
may play a role in understanding the most desirable timing of treatment of facial fractures. 
 
2.6. Thesis premise and outline  
An analysis of the relevant studies from 1979 demonstrates a sizeable shortcoming in quality 
evidence, in relation to treatment delay, but also in relation to patient compliance. Despite initially 
setting out to investigate exclusively the effects of treatment delay, it is evident from the literature 
review that the influence of patient compliance, both in relation to treatment delay, but also in its 
own right, is grossly under investigated. To enhance the conclusions of this research, the decision 
was made early on to specifically focus on compliance, in addition to treatment delay.  
The research within the following thesis chapters has been planned and undertaken after careful 
consideration of evidence limitations appreciated after reviewing the available literature. It is 
important to remember that due to the demographics of the target population and ethical 
considerations, high-powered studies such as randomised, controlled studies were not feasible.  
The major aim of this thesis is to significantly enhance the currently available evidence, with 
respect to both treatment delay and patient non-compliance consequences, in the management of 
facial fractures, to improve the patient experience. This will be done by the following:  
 
1. Assessing the effects of treatment timing in the management of zygomatic fractures  
In Chapter 3 of this thesis, a series of patients with zygomatic fractures is examined 
retrospectively to determine whether treatment delay (measured continuously in days) has an 
effect on a broad range of traditional surgical outcomes relevant to zygomatic fracture 
management, such as trismus, facial symmetry, facial scarring, eye complications, and 
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radiographic outcome. Multivariate statistical analysis is utilised to control variables such as the 
type of fracture, the type of operation, the primary operator skill level, and patient alcohol and 
cigarette usage. Despite its retrospective nature, this is the first known study to specifically 
analyse the effects of treatment timing in the management of zygomatic fractures. The study 
addresses many of the aforementioned aspects of the literature that have been identified for 
targeted improvement.  
 
2. Assessing the effects of treatment timing in the management of mandibular fractures  
In Chapter 4, a prospectively collected series of patients with mandibular fractures is examined 
to determine whether treatment delay (measured continuously in days) has an effect on a broad 
range of traditional surgical outcomes relevant to mandibular fracture management, such as 
local post-operative infection, wound dehiscence, malocclusion, fracture non-union, hardware 
exposure, nerve damage, trismus, return to theatre, and radiographic outcome. Multivariate 
statistical analysis is utilised to control an extensive list of variables such as age, gender, dental 
status, general physical status, alcohol and cigarette usage, illicit drug usage, prior mandible 
fracture, number and location of new mandible fracture/s, tooth in line of fracture, fracture 
comminution, operation type, fracture aetiology, local pre-operative infection, associated oral 
and maxillofacial injury, associated other injury, operator experience level, and length of 
surgery. This is the first known study to prospectively analyse the effects of treatment timing in 
the management of mandible fractures with such a comprehensive control of validity. The study 
addresses many of the aforementioned aspects of the literature that have been identified for 
targeted improvement.  
 
3. Assessing the relationship between patient demographics and post-operative 
compliance in the management of mandibular fractures  
Chapter 5 builds upon the data collected in Chapter 4 to comprehensively and prospectively 
analyse, using multivariate statistical analysis, an extensive list of variables such as the 
influence that patient demographic variables such as age, gender, distance to  oral and 
maxillofacial service, dental status, alcohol use, cigarette use, illicit drug use, employment 
status and injury aetiology have on compliance with post-operative instructions after surgery for 
mandible fracture/s. Compliance variables analysed include soft diet, mouthwash use, oral 
antibiotic use, cigarette cessation and review appointment attendance. This is the first known 
study to prospectively analyse the relationship between patient demographics and compliance 
specifically in the management of mandible fractures.  
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4. Assessing the effects of patient non-compliance in the management of mandibular 
fractures 
Chapter 6 also builds upon the data collected in Chapter 4, to comprehensively and 
prospectively analyse, using multivariate statistical analysis, the effects that various patient 
compliance variables such as soft diet, mouthwash use, oral antibiotic use, cigarette cessation 
and review appointment attendance have on traditional surgical outcomes relevant to 
mandibular fracture management. Outcomes include local post-operative infection, wound 
dehiscence, malocclusion, fracture non-union, hardware exposure, nerve damage, trismus and 
return to theatre. As with the research in Chapter 5, this is the first known study to prospectively 
analyse the relationship between patient demographics and compliance specifically in the 
management of mandible fractures.  
 
Should it be found that treatment timing or patient compliance significantly alters the outcome of 
facial fracture management, new protocols and recommendations could be proposed. Conversely, a 
poor correlation may further justify the planning of facial fracture management in accordance with 
the conveniences of the relevant health care system.  
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Chapter 3 
Zygomatic fractures and treatment delay  
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3. Zygomatic fractures and treatment delay  
3.1 Introduction  
For the purpose of this study, zygomatic fractures can be thought to encompass two main types; 
ZMC fractures, and isolated zygomatic arch fractures. Also, the zygomatic bone makes up part of 
the lateral orbital wall. For this reason, technically, a ZMC fracture will always involve the orbit to 
a certain degree. However, for the purpose of this study, orbital reconstruction was not primarily 
evaluated.  
 
Owing to the structural design and prominence on the face, zygomatic fractures are common. 
Zygomatic fractures can present several problems for the patient, such as associated orbital injury, 
visual disturbance, trismus, altered facial sensation, and facial deformity. In certain patient 
subgroups, such as the elderly and infirm, true functional issues such as those affecting vision or 
mouth opening may be the sole focus of management. However, usually the complication of 
greatest concern and focus for both patients and surgeons alike is facial deformity. For isolated 
zygomatic arch fractures, this is usually in the form of a lateral facial dent in the preauricular 
region. For ZMC fractures, this is usually in the form of facial asymmetry, loss of malar projection 
(a flat cheek), and occasionally down-slanting of the lateral canthus (antimongoloid slant). Since 
often the primary focus of zygomatic fracture management is therefore cosmetic, it is paramount 
that the best possible cosmetic outcome be achieved. Surgeons must then focus on elements that 
influence the overall cosmesis, such as minimal surgical access and scarring, the elimination of 
clinically detectable or palpable hardware, and malar symmetry, in addition to conventional goals of 
fracture management such as achievement of bony union, and anatomical reduction. This can 
obviously be challenging when the area of concentration is not only around one of the most exposed 
and obvious parts of the human body, but also is in such intimate proximity to the eye.  
 
It has been suggested that deliberately delaying the surgical management of zygomatic fractures to 
allow for soft tissue resolution allows for a greater pre- and intra-operative clinical assessment of 
displacement and reduction.(72, 100) Furthermore, swelling may complicate aesthetic incision 
placement, and if exacerbated during surgery may contribute to potentially vision threatening 
proptosis.(100) Conversely, delaying surgery may increase the technical difficulty and lead to an 
increase in adverse outcomes such as inadequate fracture reduction, aesthetic and functional 
deficits, secondary injury to the patient, and increased cost to the patient or healthcare system.(60, 
72, 101, 102) Such claims have to date been largely unsupported by the literature, as demonstrated 
the literature review above.     
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The aim of this study was to provide an evidence base for the timing of treatment of zygomatic 
fractures by analysing the effects of surgical treatment delay. Specifically, the incidences of trismus, 
facial asymmetry, facial scarring, and radiographic fracture reduction inadequacy were assessed in 
relation to treatment delay. It was hypothesised that surgical treatment delay would not significantly 
affect the aforementioned outcomes.  
 
3.2 Materials and methods  
3.2.1 Study design  
This study was a retrospective case series, undertaken through the Oral and Maxillofacial Unit at 
the RBWH in Brisbane, Australia. Patients who received surgical treatment for zygomatic fractures 
during the period 17 January 2011 to 16 January 2012 were included in the study. The collection of 
data was undertaken during the period May to July 2014. This study was undertaken in accordance 
with the STROBE statement.(103) 
 
3.2.2 Setting 
The Oral and Maxillofacial Unit at the RBWH provides a tertiary referral service for facial trauma 
for a large metropolitan and regional area that extends to at least 1000 kilometres. Patients with 
zygomatic fractures can present via the hospital’s emergency department, via referral from a 
medical or dental practitioner directly to an outpatient clinic, or through an inter-hospital transfer 
from regional centres with no oral and maxillofacial service.   
 
The Oral and Maxillofacial Unit at the RBWH generally advocates for definitive assessment of 
isolated zygomatic fractures in a non-urgent manner. Patients are usually assessed between one and 
seven days post-injury in an outpatient setting. Patients with critical complications such as 
neurological injury or retro-bulbar haemorrhage are seen urgently as required and managed in a 
multidisciplinary manner. Reasons for delay are multifactorial, but commonly include geographic 
isolation and inter-hospital transfer, drug and alcohol intoxication, or misdiagnosis by primary care 
medical services. Radiographic assessment is mandatory. The modality is at the discretion of the 
operator but may include plain film or CT imaging. Patients presenting via regional hospitals, 
primary care doctors, or even the Emergency Department at the RBWH will almost universally 
have received CT imaging prior to consultation with an oral and maxillofacial service. Patients 
requiring surgical management are usually booked for theatre or occasionally added to the hospital 
theatre emergency board, depending on the availability of operative time on elective lists. Patients 
usually receive surgical treatment between one and fourteen days post-injury. Consultant surgeons 
and registrars undertake the surgeries. Different operators employ their preferred techniques, but 
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generally elevation either via a temporal or buccal sulcus incision is employed to reduce displaced 
zygomatic fractures. Unstable fractures are plated with varying degrees of fixation. Sites utilised 
include the zygomatico-frontal suture, the infra-orbital rim, the zygomatico-maxillary buttress, and 
rarely the zygomatic arch. Plating is facilitated via ORIF periorbitally, transorally, or via a coronal 
approach. Utilisation of a coronal exposure is employed when adequate local exposure would result 
in an unacceptable risk of scarring or facial nerve injury.  
 
Unless patient limitations or unforeseen complications arise, post-operative review of all routine 
oral and maxillofacial trauma surgeries at the facility involved is undertaken at approximately one 
and six weeks post-surgery. Review at one week allows for the removal of sutures where required, 
and allows the identification and rectification of early complications. The six-week review allows 
for the assessment of healing and restitution of function and allows the identification of later 
complications. Additional review appointments are made when clinically warranted.  
 
3.2.3 Participants  
All patients who required surgical treatment for a fracture or fractures of the ZMC and/or zygomatic 
arch, and who were treated by the Oral and Maxillofacial Unit at the RBWH between 17 January 
2011 and 16 January 2012, were included in the study. Patients were excluded if outcomes were 
unable to be assessed adequately by review of the relevant medical records. There were no children 
in the sample.  
 
3.2.4 Variables  
The following information was collected for each patient: hospital identification number, date of 
injury, date of operation, delay (days), diagnosis (isolated zygomatic arch fracture, or ZMC 
fracture), operation (elevation, elevation and ORIF via periorbital or oral approach, or elevation and 
ORIF via coronal approach), primary operator (name), regular alcohol use (yes, no), regular 
cigarette use (yes, no), trismus (absent, present), facial symmetry (aesthetically ideal, aesthetically 
not ideal but acceptable, or not acceptable with corrective treatment required), facial scarring 
(absent, present), and radiographic outcome (equivalent to premorbid, minor deviation from 
premorbid, major deviation from premorbid). 
 
3.2.5 Data sources/measurement  
Preliminary data for all variables except radiographic outcome were collected from a pre-existing 
database within the Oral and Maxillofacial Unit (the State-wide Maxillofacial Audit Database). 
Following a primary analysis of the database, it was evident that data for several of the study 
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variables were incomplete. The medical records for each eligible patient were subsequently 
requested from the hospital medical records department and the variables cross-checked, corrected, 
and completed. Various treating members of the Oral and Maxillofacial Unit undertook the 
assessment of each of the variables, except radiographic outcome, as part of routine treatment and 
record-keeping. Associate Professor Batstone assessed pre- and post-operative radiographs in 
August 2014.  
 
3.2.6 Bias  
I was the first author and was not a member of the Oral and Maxillofacial Unit at the study hospital 
and as such had no conflict of interest in reporting the Unit’s surgical results. The fourth author, 
who conducted the radiographic outcome review, was the primary operator for only one of the 
ninety-nine patients included in the study. Furthermore, this author was unaware of the results of 
the analysis of other variables and as such was able to review the radiographic outcomes 
independently and without assumption or expectation. The third author, a Biostatistician from the 
School of Population Health at the University of Queensland, who had no professional connection 
with the Oral and Maxillofacial Unit, or the first, second, or fourth author, conducted the statistical 
analysis independently. Cross-checking of data from the State-wide Maxillofacial Audit Database 
with the historical medical records was undertaken to minimise information bias. 
 
3.2.7 Study size  
The study size of ninety-nine patients was arrived at with the preliminary assessment of the State-
wide Maxillofacial Audit Database. The State-wide Maxillofacial Audit Data base had been 
completed appropriately for a twelve-month period spanning 17 January 2011 to 16 January 2012.  
 
3.2.8 Quantitative variable handling  
Delay was measured in days, as this was the smallest and most practical increment of time that 
could be reliably measured from injury to surgery. It was determined that analysing delay as a 
continuous variable, rather than delineating arbitrary groups of delay, would elicit the most 
meaningful information.  
 
The diagnosis of zygomatic type fractures was divided into two groups: ZMC fractures, and isolated 
zygomatic arch fractures. Patients with concomitant fractures of a ZMC and the ipsilateral 
zygomatic arch were assessed within the ZMC group. The authors concluded that the treatment, 
prognosis, and potential complications of isolated zygomatic arch fractures were significantly 
different to ZMC fractures and therefore warranted an independent grouping. Restrained by the data 
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available, a single grouping for ZMC fractures without the further delineation of features such as 
fracture subtype and degree of comminution was considered most appropriate.  
 
Operation type was divided into three groups: elevation, elevation and ORIF via periorbital or oral 
approach, and elevation and ORIF via coronal approach. These groups were delineated based on the 
decidedly dissimilar degree of technical difficulty and potential for complication, as well as for ease 
of statistical analysis.  
 
The primary operator was recognised as the surgeon who primarily performed the operation, 
regardless of level of expertise or level of supervision.  
 
Due to the difficulty in accurately quantifying alcohol and cigarette use, and the undefined 
influence of different levels of use in different populations, it was decided that alcohol and cigarette 
use would be analysed in two groups: regular use and not regular use. The identification of regular 
use for both alcohol and cigarettes was via a routine hospital questionnaire completed by all patients 
upon admission.  
 
Trismus was evaluated as either present or absent at the final outpatient review appointment, which 
was regularly undertaken at six weeks post-operatively. Trismus was noted as present when there 
was an obvious restriction in mouth opening, or the patient complained of subjective jaw stiffness. 
  
Facial symmetry relative to the ZMC and zygomatic arch was evaluated clinically at the final 
outpatient review appointment by the reviewing clinician, and the results were divided into three 
groups: aesthetically ideal, aesthetically not ideal but acceptable, and not acceptable with corrective 
treatment required. Facial symmetry was measured by direct visualisation of the patient’s facial 
projections from in front and above. The contralateral malar projection was used for comparison 
and the patient’s opinion was sought. It was recognised that difficulty with clinical comparison 
would likely arise with premorbid facial asymmetry or bilateral injury. Fortunately, bilateral 
zygomatic fracture did not arise within the studied patient population.  
 
Facial scarring, specifically as a result of a cutaneous surgical incision, was evaluated at the final 
outpatient review appointment, and the results were originally divided into three groups: no scarring 
present, scarring present (visible to the naked eye) with no corrective treatment required, and 
scarring present with corrective treatment required. Corrective treatment was identified by a return 
to theatre primarily for the purposes of scar revision surgery. All ninety-nine patients received 
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cutaneous surgical incisions. Only one patient from ninety-nine required corrective treatment for 
scarring. To simplify statistical analysis, it was decided to adjust to two groups: scarring present and 
scarring absent.  
 
For the radiographic review, the hospital identification number for each of the ninety-nine patients 
was recorded in isolation in a spreadsheet and given to Associate Professor Batstone. Complete pre- 
and post-surgical radiographic records were available for ninety-seven of the ninety-nine patients 
included in the study. Outcomes were divided into three groups: equivalent to premorbid, minor 
deviation from premorbid, and major deviation from premorbid. Equivalency to the premorbid state 
was determined by personal judgement, such that the fracture segments appeared in the most 
appropriate position with respect to the remainder of the bony mid-face and the fracture lines 
themselves. Radiographic comparison with the contralateral structures was undertaken, but not 
completely relied upon.  
 
3.2.9 Statistical methods  
Stata version 13.1 software (StataCorp LP, College Station, TX, USA) was used to perform all 
statistical analyses. Multivariable logistic regression was the statistical method of choice to estimate 
the relationships between the variables collected. Four outcomes/dependent variables were utilised 
to analyse the effects of treatment timing with respect to zygomatic fractures: facial symmetry, 
facial scarring, trismus, and radiographic outcome. Each dependent variable was analysed initially 
in relation to the primary independent variable ‘delay’. In an attempt to control for potentially 
confounding variables, five additional independent variables were analysed for interactions with 
respect to delay: operation, diagnosis, primary operator, regular alcohol use, and regular cigarette 
use. All tests were two-sided with P-values of five percent. Goodness-of-fit for non-ordinal 
(binomial and multinomial) and ordinal logistic regression models was ensured using the Chi-
square test(104) and Brant test(105), respectively.  
 
3.3 Results  
3.3.1 Participants  
Ninety-nine observations were available for each analysis except for radiographic outcome, which 
had ninety-seven. Two patients had an incomplete radiographic examination for unknown reasons.  
 
3.3.2 Descriptive data  
The Oral and Maxillofacial Unit at the study hospital in Queensland provides a tertiary referral 
service for facial trauma for a large metropolitan and regional area, which extends to at least 
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1000km. The aetiology of zygomatic fractures in Queensland is most frequently interpersonal 
violence, often in association with alcohol intoxication.(106) Men are more commonly affected. 
The incidence peaks in the second, third, and fourth decades of life.(106) Figures 3.1 to 3.4 provide 
an overview of the demographics of the study participants and the data obtained. 
 
 
Figure 3.1 Patient demographic characteristics. 
 
 
Figure 3.2 Treatment delay. 
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Figure 3.3 Fracture aetiology. 
 
 
Figure 3.4 Fracture diagnosis and operation type. 
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neurological injury, self-negligence prior to admission, operative technique, variation in surgical 
skill, variation in antibiotic administration, and type of radiography employed.  
 
3.3.4 Outcome data  
Figure 3.5 depicts the outcome data collected.  
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Figure 3.5 Treatment outcomes: trismus, facial scarring, radiographic outcome, and facial 
symmetry. 
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the association between facial symmetry and delay was seen with the interaction terms. Goodness-
of-fit was observed.  
 
Facial scarring  
A significant association between facial scarring and delay was found (binary logistic regression 
model: odds ratio 0.87, 95% confidence interval 0.27 to 0.02; P = 0.02). For each additional delay 
of a day, the odds of scarring present compared to scarring absent decreased by thirteen percent. No 
significant change in association between facial scarring and delay was seen with the interaction 
terms. Goodness-of-fit was observed. 
 
Radiographic outcome  
No significant association between radiographic outcome and delay was found with the preliminary 
non-interaction models (ordinal and multinomial). However, when interaction terms were 
incorporated into the modelling, significant changes in association between radiographic outcome 
and delay were seen. The Brant test of parallel regression found statistical violations for the ordinal 
logistic regression model, but goodness-of-fit was observed for the multinomial logistic regression 
model. This model showed that the ‘regular cigarette use’ variable was found to interact 
significantly with radiographic outcome with respect to delay (Table 1). For regular cigarette users, 
for each additional delay of a day, the odds of having a radiographic outcome of major deviation 
from premorbid compared to equivalent to premorbid increased by approximately 306-fold.  
For non-regular cigarette users/non-users, for each additional delay of a day, the odds of having a 
radiographic outcome of major deviation from premorbid compared to equivalent to premorbid 
increased by approximately 1.5-fold.  
 
Table 3.1 Radiographic outcome versus delay: multinomial logistic regression model with 
interaction terms ‘regular cigarette user’ and ‘non-regular cigarette user/non-user’. 
 OR 95%CI p 
Interaction – regular cigarette 
user 
   
Minor deviation from premorbid 
vs. equivalent to premorbid 
9.37 0.75-116.8 0.08 
Major deviation from premorbid 
vs. equivalent to premorbid 
306.38 2.08-45161.5 0.03 
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Interaction – non-regular 
cigarette user/non-user 
   
Minor deviation from premorbid 
vs. equivalent to premorbid 
1.06 0.90-1.25 0.46 
Major deviation from premorbid 
vs. equivalent to premorbid 
1.50 1.08-2.09 0.02 
 
Trismus  
No significant association between trismus and delay was found. No significant change in 
association between trismus and delay was seen with the interaction terms. Goodness-of-fit was 
observed.  
 
3.4 Discussion  
Treatment delay was found not to significantly alter the incidence of trismus, or facial asymmetry, 
such that the hypothesis was accepted in relation to these outcome variables.  
 
Treatment delay was found to significantly alter the incidence of facial scarring. For each additional 
delay of a day, the odds of facial scarring being present compared to absent decreased by thirteen 
percent, such that the hypothesis is rejected in relation to facial scarring. Treatment delay was also 
found to significantly alter the incidence of major post-operative radiographic fracture reduction 
inadequacies for both regular cigarette users and non-regular cigarette users/non-users. For regular 
cigarette users, for each additional day of delay there was a 306-fold increased risk of having a 
radiographic outcome of major deviation from premorbid compared to equivalent to premorbid. For 
non-regular cigarette users/non-users, for each additional day of delay there was a 1.5-fold 
increased risk of having a radiographic outcome of major deviation from premorbid compared to 
equivalent to pre- morbid. The results suggest that with increasing delay, the risk of a major 
inadequacy in anatomical fracture reduction increases for both cigarette users and non-cigarette 
users, but that this is much greater for regular cigarette users, such that the hypothesis is rejected in 
relation to radiographic outcome.  
 
The retrospective nature of this study, the non-trial non-blinded study type, the sample size, the 
number of variables, and the non-independent treatment evaluation have all been identified as 
potential limitations of scope or validity, additional to the previously mentioned potential con- 
founders. Due to the limitations of the data available, it was not feasible to quantify the degree of 
trismus. It is recognised that trismus should ideally be quantified for all patients in a reproducible 
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manner, such as by measuring in millimetres the inter-incisal distance at all pre- and post-operative 
appointments. It was also not possible to rigorously assess the locations of surgical incisions and 
scar sites, skin types, or wound closure techniques, nor the influence of varying fracture patterns or 
the influence of concurrent fractures.  
 
Further breakdown and analysis of the variables assessed such as cigarette and alcohol usage, non-
compliance with post-operative instructions, and the use of weapons in assaults may elicit 
supplementary findings.  
 
The findings of this study correlate somewhat with commonly held beliefs and anecdotal evidence. 
It is often stated that delay to surgery allows for the resolution of soft tissue oedema such that 
surgical incisions may be more easily located in pre-existing skin creases, reducing the incidence of 
unacceptable scarring. It is also commonly presumed that surgical delay leads to increased technical 
difficulty due to callus formation or osteolysis at bone ends, which could lead to an increased 
incidence of fracture reduction inadequacies. Although it was not statistically analysed, one would 
presume a correlation between radiographic fracture reduction adequacy and the restoration of 
premorbid facial dimensions.  
 
With regard to generalisability, the outcomes measured are general in nature and are universally 
assessed in the management of zygomatic fractures. Despite the potential limitations, this study 
provides an evidence base for the timing of treatment of zygomatic fractures, especially in relation 
to scarring and adequacy of bony reduction  
 
3.5 Conclusion  
There now exists a platform on which to further examine the effects of treatment delay in relation to 
zygomatic fractures. Studies of a higher level will allow for the clarification of uncertainties such as 
the relevance of varying degrees of cigarette use in zygomatic fracture treatment, and the 
significance of the degree of fracture comminution.  
 
With regards to treatment recommendations, it is demonstrated that delay in the management of 
zygomatic fractures may have benefits in terms of facial scar minimisation but may adversely affect 
radiographic reduction outcomes. Ideally a compromise between these two variables should be 
struck that is feasible in the context of departments managing high volumes of facial trauma.  
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Chapter 4 
Mandibular fractures and treatment delay   
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4. Mandibular fractures and treatment delay   
4.1 Introduction  
The ideal timing for the treatment of mandible fractures has not been well established.(25, 52) The 
relevance of delay from injury to treatment is commonly disputed amongst surgeons and in the 
literature, particularly with respect to traditional outcome measures such as post-operative infection, 
wound dehiscence, fracture non-union, and malocclusion.(25, 52) A systematic review of the 
literature in 2013, undertaken as part of this research and subsequently published,  examined the 
effects of treatment timing in the management of facial fractures.(52) Thirty studies were identified 
over a thirty-four year period, of which twenty-one involved treatment of the mandible in isolation. 
Of the twenty-one studies, one was a systematic review(25), two were prospective case series(21, 
62), and eighteen were retrospective case series.(17, 18, 24, 57-59, 63-65, 68-71, 73-77) Fourteen of 
the twenty-one studies found no significant relationship between treatment delay and treatment 
outcomes(18, 21, 58, 59, 62-65, 70, 71, 73-75, 77), six found a statistically significant relationship 
between treatment delay and worse treatment outcomes(17, 24, 57, 68, 69, 76), and one, a 
systematic review by Hermund et al, found inconclusive results.(25) A great deal of inconsistency 
was found between the twenty-one studies, in particular with respect to variables collected, outcome 
measures, statistical methods, validity, and findings. The review concluded that with the evidence 
available, definitive conclusions could not be drawn regarding the timing of treatment for facial 
fractures. More recently, a further six relevant studies have been identified in the literature. Four 
retrospective case series found no significant relationship between treatment delay and treatment 
outcomes.(85, 88, 91, 93) In addition, a study by Gazal in 2015 did not clearly define any findings 
in relation to treatment delay despite it being the primary objective(98), and a systematic review by 
Stone et al in 2018 found “there is insufficient data to reliably determine the importance of 
treatment delay as an independent predictor of post-operative complications following ORIF of 
traumatic mandible fractures”.(79)  
 
The aim of this study was to resolve the conflict that exists in the literature, by carefully identifying 
and measuring all available variables in the management of mandible fractures in a prospective and 
appropriately validated manner. It was hypothesized that treatment delay would not significantly 
affect the outcomes of definitive mandible fracture treatment. 
 
4.2 Materials and methods  
4.2.1 Study design  
This study used a prospective design and involved the collection of predetermined variables as 
identified from a systematic review of the literature in 2013. Although contemplated, an RCT was 
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considered unethical and unfeasible. A prospective case series was settled upon to give the best 
possible data. Over an eighteen-month period, data was collected from a continuous sample of 
patients meeting specific criteria as outlined below. This study was undertaken in accordance with 
the STROBE statement.(103)  
 
4.2.2 Setting  
This study was undertaken in the Oral and Maxillofacial Unit of the RBWH in Brisbane, Australia. 
Patients who received active treatment for mandible fractures during the period 27 January 2014 to 
26 July 2015 were included in the study. The Oral and Maxillofacial Unit of the study hospital 
provides a tertiary referral service for facial trauma for a large metropolitan and regional area. 
Patients with mandible fractures commonly present via the study hospital’s emergency department 
or through an inter-hospital transfer from a regional centre without a suitable surgical service. 
Occasionally, patients are referred from a general medical or dental practitioner. Except for patients 
with non-displaced fractures for whom conservative management is deemed appropriate, definitive 
assessment and management of mandible fractures at the study unit is generally undertaken in an 
inpatient setting in a semi-urgent manner. Reasons for delay are multifactorial, but commonly 
include geographic isolation and inter-hospital transfer, and drug and alcohol intoxication. To 
minimise treatment delay, patients requiring surgical management are often added to the hospital 
theatre emergency board. When available, an elective list is sought to minimise uncertainty and 
unnecessarily long periods of fasting for the patient. Patients usually receive surgical treatment 
within four days of injury. Consultant surgeons and registrars undertake the surgeries. Different 
operators employ their preferred techniques, but generally an ORIF technique is employed. Both 
intra-oral and extra-oral approaches are used. Arch bars, IMF screws, intermaxillary wires and 
elastics are utilised when required, as is endoscopic assistance. Patients with isolated mandible 
fractures are usually discharged within twenty-four hours of surgery with oral antibiotics, 
chlorhexidine-containing mouthwash, analgesia and post-operative instructions. Unless patient 
limitations or unforeseen complications arise, post-operative review of all routine oral and 
maxillofacial trauma surgeries is undertaken at approximately one and six weeks post-surgery. 
Review at one week allows for the removal of sutures where required and allows the identification 
and rectification of early complications. Review at six weeks allows the assessment of healing and 
restitution of function and allows the identification of later complications. Additional review 
appointments are made when clinically warranted.  
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4.2.3 Participants 
 All patients who required active treatment for a fracture or fractures of the mandible, and who were 
treated in the Oral and Maxillofacial Unit at the RBWH between 27 January 2014 and 26 July 2015, 
were included in the study.  
 
4.2.4 Variables  
The following outcome variables were collected for each patient: local post-operative infection, 
wound dehiscence, malocclusion, fracture non-union, hardware exposure, nerve damage, trismus, 
return to theatre, and radiographic outcome. Factors considered potential confounders were 
collected as follows: date of injury, date of operation, delay (days), age, gender, dental status, ASA 
physical status classification, alcohol use, cigarette use, illicit drug use, prior mandible fracture, 
number of mandible fractures, fracture location, tooth in line of fracture, fracture comminution, 
operation type, fracture aetiology, local pre-operative infection, associated oral and maxillofacial 
injury, associated other injury, operator experience level, and length of surgery.  
 
4.2.5 Data sources/measurement  
Data was collected and recorded on a pre-planned data collection sheet (see page 140). Information 
was obtained from patients at admission and at routine post-operative appointments, from medical 
records, from pre- and post-operative radiographs, and from the hospital’s Operating Room 
Management Information System. 
 
 4.2.6 Bias  
I was the first author and was not a member of the Oral and Maxillofacial Unit at the study hospital 
and as such had no conflict of interest in reporting the Unit’s surgical results. The second author, a 
Biostatistician from the School of Population Health at the University of Queensland, who had no 
professional connection with the Oral and Maxillofacial Unit or the first or third author, conducted 
the statistical analysis independently. The third author, who conducted the radiographic outcome 
review, was the primary operator for only two of the two hundred and fifteen patients. For the 
radiographic review, only the hospital identification number of each participant was made available 
to minimise bias. 
 
4.2.7 Study size  
The number of cases treated in the Unit during the study period determined the sample size. A total 
of two hundred and fifteen consecutive patients with three hundred and fifty-nine mandible 
fractures were included.  
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4.2.8 Quantitative variable handling  
Primary independent variable  
Delay was measured in days from date of injury to date of operation, as this was the smallest and 
most practical increment of time that could be reliably measured from injury to surgery. It was 
determined that analysing delay as a continuous variable, rather than delineating arbitrary groups of 
delay, would elicit the most meaningful information. 
 
Secondary independent variables  
Age, cigarette use, fracture number, and length of surgery (minutes) were all measured as 
continuous variables.  
 
Dental status was determined by pre-operative radiographic analysis as good, moderate, or poor.  
 
ASA was used as a surrogate for overall health status. It was chosen as it is a well-recognised and 
simple scoring system. Furthermore, it was a feasible and reliable variable to collect.  
 
Alcohol use was determined by direct questioning of patients at admission to hospital and was 
defined as non-drinker, low-regular drinker, high-regular drinker, and binge drinker.  
 
Measure of illicit drug use, prior mandible fracture, tooth in line of fracture, fracture comminution, 
local pre-operative infection, associated oral and maxillofacial injury, and associated other injury 
was performed in a yes or no fashion.  
 
Operation type was divided into six groups: oral ORIF, external ORIF, IMF, external ORIF + IMF, 
oral ORIF + IMF, oral ORIF + external ORIF. These groups were delineated based on the decidedly 
dissimilar degree of technical difficulty and potential for complication, as well as for ease of 
statistical analysis. 
 
 Fracture aetiology was defined as as-sault or non-assault for the purposes of statistical analysis.  
 
Fracture location was designated based on commonly recognised anatomic divisions of the 
mandible: condyle, ramus, angle, body, parasymphysis, and symphysis.  
 
Operator experience level was measured as a continuous variable. Levels one to four correlated to 
the number of years of formal oral and maxillofacial surgery training of the primary operator as per 
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the local training structure. When a fellow or consultant surgeon was the primary operator, a fifth 
level was designated.  
 
Outcome (dependent) variables 
 Post-operative infection, dehiscence, non-union, hardware exposure, nerve damage, trismus and 
return to theatre were all defined as yes or no.  
 
Malocclusion and radiographic outcome were measured as ordinal variables.  
 
Post-operative infection was defined as any clinical sign of infection such as erythema or purulence 
at the site of surgery during the follow-up period.  
 
Dehiscence was defined as any clinical breakdown of any related surgical incision at any time 
during the follow-up period.  
 
Fracture non-union was defined radiographically as any permanent failure of healing of related 
fracture sites at any time during the follow-up period.  
 
Hardware exposure was defined as any exposure of metal work to the oral cavity or externally 
through skin at any time during the follow up period.  
 
Nerve damage was defined as any objectively altered sensation in the distribution of the mental 
nerve at the six-week review appointment, irrespective of pre-operative status.  
 
Return to theatre was defined as any return to theatre at any time for the correction of complications 
directly related to a mandible fracture.  
 
Trismus was defined as any limitation of mouth opening as a result of mandible fracture or 
treatment at the six-week review appointment.  
 
Malocclusion was defined as any alteration of occlusion as a result of mandible fracture or 
treatment at the six-week review appointment. Three groups were defined: no, subjective, and 
objective. Subjective malocclusion was defined as a sensation of abnormal bite by the patient that 
could not be correlated clinically by the reviewer. Objective malocclusion was defined as a 
clinically observable alteration of bite by the reviewer, such as a premature contact or open bite.  
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Radiographic outcome was assessed by the third author. Outcomes were divided into three groups: 
poor, moderate, and good. Outcomes were determined by the third author’s personal judgment, such 
that the fracture segments appeared in the most appropriate position with respect to the remainder of 
the mandible and the fracture lines.  
 
4.2.9 Statistical methods  
The effect of treatment timing on outcomes involving mandible fractures was examined, using 
binary logistic regression for dichotomous outcomes and ordinal logistic regression for ordinal 
outcomes. Modelling was conducted in three stages. First, univariable regression was used to test 
the association between each mandible fracture outcome and selected independent variables, 
including the primary independent variable, delay. Second, all independent variables found to be 
significant at the 0.10 level were included in a multivariable model. Treatment timing, age and 
gender were forced into the multivariable models; the latter two due to potential confounding. Last, 
all models were subjected to model diagnostics. The Pregibon link test(107) was used to assess 
model specification and the Hosmer–Lemeshow test was used to assess model fit.(108) For all 
outcomes except for radiographic outcome, eighteen independent variables were selected in 
addition to delay to test for associations at the first stage; age, gender, fracture aetiology, dental 
status, ASA, alcohol use, cigarette use, illicit drug use, prior mandible fracture, number of fractures, 
fracture comminution, tooth in line of fracture, local pre-operative infection, associated oral and 
maxillofacial injury, significant other injury, operation type, length of surgery, and operator 
experience. For radiographic outcome, three independent variables were selected in addition to 
delay to test for associations at the first stage; fracture location, fracture comminution, and tooth in 
line of fracture. Results are presented as odds ratios and accompanying 95% confidence intervals. 
Statistical analyses were completed only with patients who provided complete data on all variables 
required for an analysis. All statistical tests were two-tailed. Statistical analysis was performed 
using Stata version 15.0 (StataCorp, College Station, TX, USA). 
 
4.3 Results  
4.3.1 Participants  
Despite having a case series of two hundred and fifteen continuous patients with a total of three 
hundred and fifty-nine mandible fractures, the number of statistically analysed observations was 
significantly less for each outcome variable due to incomplete follow up of 30% of study 
participants. Furthermore, a complete case analysis statistical approach was utilised, further 
reducing the data available. The number of observations available for each outcome variable in the 
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multivariable modelling was as follows: wound dehiscence, 166 (77%); hardware exposure, 157 
(73%); local post-operative infection, 164 (76%); malocclusion, 146 (68%); trismus, 154 (72%); 
nerve damage, 147 (68%); fracture non-union, 162 (66%); return to theatre, 156 (73%); and 
radiographic outcome, 245 (68%).  
 
4.3.2 Descriptive data  
The Oral and Maxillofacial Unit at the study hospital provides a tertiary referral service for facial 
trauma for a large metropolitan and regional area. The aetiology of mandible fractures in the studied 
demographic was assault in 62% of cases. Of the study participants, 49% were binge drinkers and 
14% were high-regular drinkers. The mean age of participants was thirty-one years, and 86% were 
male. The mean delay between injury and surgery was 4.7 days, with a standard deviation of 5.6. 
The longest delay was forty-one days.  
 
4.3.3 Outcome data 
 Figures 4.1 to 4.3 depict the outcome data collected. Dichotomous outcomes are depicted in Figure 
4.1. Ordinal outcomes are depicted in Figures 4.2 and 4.3.  
 
 
Figure 4.1 Treatment outcomes: infection, dehiscence, non-union, hardware exposure, nerve 
damage, return to theatre, trismus. 
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Figure 4.2 Treatment outcome: malocclusion. 
 
 
Figure 4.3 Treatment outcome: radiographic outcome. 
 
4.3.4 Main results  
Table 4.1 depicts the main results. No statistically significant association was found between 
treatment delay and any of the treatment outcomes. Beyond the primary aim of the study, several 
secondary independent variables were found to significantly affect a number of treatment outcomes. 
Evidence of model misspecification and lack of model fit were not detected in the modelling. 
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Table 4.1 Outcomes of mandible fracture management versus delay, with and without influence of secondary independent variables.  
Outcome variable Effect of delay on outcome variable Effect of secondary independent variables on outcome variable 
Infection 
No significant effect 
OR 1.05, 95% CI 0.96 – 1.14; P = 0.29 
Assault associated with increased rate of infection 
OR 3.61, 95% CI 1.13- 11.60; P = 0.03 
Dehiscence 
No significant effect 
OR 1.06, 95% CI 0.96 – 1.16; P = 0.24 
Increased length of surgery associated with increased rate of dehiscence 
OR 1.01, 95% CI 1.00 to 1.02; P = 0.04 
Non-union 
No significant effect 
OR 1.04, 95% CI 0.94 – 1.15; P = 0.50 
No significant effect 
Hardware exposure 
No significant effect 
OR 1.02, 95% CI 0.91 – 1.14; P = 0.70 
Illicit drug use associated with increased rate of hardware exposure 
OR 6.10, 95% CI 0.97 to 38.29; P = 0.05 
Nerve Damage 
No significant effect 
OR 0.99, 95% CI 0.93 – 1.05; P = 0.66 
Assault associated with increased rate of nerve damage 
OR 2.14, 95% CI 1.02 to 4.50; P = 0.045 
Increased length of surgery associated with increased rate of nerve damage 
OR 1.01, 95% CI 1.00 to 1.02; P = 0.01 
Return to theatre 
No significant effect 
OR 1.01, 95% CI 0.92 – 1.11; P = 0.84 
ASA 3 or greater associated with increased rate of return to theatre 
OR 30.65, CI 2.56 to 366.35; P = 0.01 
Assault associated with increased rate of return to theatre 
OR 6.98, 95% CI 1.11 to 43.77; P = 0.04 
Trismus 
No significant effect 
OR 1.03, 95% CI 0.96 – 1.11; P = 0.43 
3 simultaneous fractures associated with increased rate of trismus 
OR 13.76, CI 1.73 – 109.44; P = 0.02 
104 
 
Malocclusion 
No significant effect 
OR 0.94, 95% CI 0.85 – 1.04; P = 0.25 
Assault associated with increased rate of malocclusion 
OR 2.05, 95% CI 1.02 to 4.10; P = 0.04 
Increased length of surgery associated with increased rate of malocclusion 
OR 1.01, 95% CI 1.00 to 1.02; P = 0.01 
Radiographic 
outcome 
No significant effect 
OR 0.97, 95% CI 0.94 – 1.06; P = 0.96 
Fracture comminution associated with poor increased rate of poor radiographic 
outcome 
OR 11.79, 95% CI 5.11 to 27.19; P = <0.01 
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4.4 Discussion  
Treatment delay was found not to significantly alter the incidence of infection, dehiscence, non-
union, hardware exposure, nerve damage, return to theatre, trismus, malocclusion, or radiographic 
outcome, such that the hypothesis was accepted in relation to all outcome variables.  
 
Several interesting supplementary findings were observed. Patients whose injuries were caused by 
assault were more likely to develop post-operative infection, nerve damage, malocclusion, and were 
seven-fold more likely to require a return to theatre than those whose injuries were not caused by 
assault. Longer surgeries were more likely to result in dehiscence, nerve damage, and malocclusion. 
Patients with an ASA of three or more were 30.6-fold more likely to require a return to theatre than 
those whose ASA was one. Patients with three fractures were 13.8-fold more likely to develop post-
operative trismus that those with a single fracture. Patients with comminuted fractures were 11.8-
fold more likely to have a poor radiographic outcome than those without comminuted fractures, 
despite fracture comminution not being a significant contributor to other measured outcomes.  
 
The findings of this study support those of nineteen relatable studies identified in the literature that 
found no significant relationship between treatment delay and treatment outcomes such as infection, 
mal-union, non-union, dehiscence, malocclusion, nerve injury, return to theatre.(18, 21, 52, 58, 59, 
62-65, 70, 71, 73-75, 77, 85, 88, 91, 93) In addition, this study adds a degree of clarification to the 
literature with its relatively large, continuous, prospective nature, statistical analysis of a wide 
variety of potential confounding variables, and objective assessment of radiographic outcome. 
 
 The findings of this study refute those of the six relatable studies identified in the literature that 
found a significant relationship between treatment delay and treatment outcomes such as increased 
rate of technical complications, infection, malocclusion, mal-union, non-union, and trismus.(17, 24, 
57, 68, 69, 76) Aside from the study by Moulton-Barrett et al(69), with two hundred and eighty-six 
participants, all had smaller sample sizes, and all were retrospective in nature.  
 
The non-trial non-blinded study type, non-independent treatment evaluation, and number of 
variables have all been identified as potential limitations of scope or validity. In relation to at least 
some of the outcome variables, the wide confidence intervals would suggest that the study was 
underpowered. Further, the degree of assessment of certain variables was limited for practical 
reasons. With greater resources, variables such as pre-hospital care, patient compliance, patient 
demographics, ethnicity, patient comfort, nutritional status, and general medical comorbidities 
could be further explored or more clearly defined. Likewise, there is scope for the detailed 
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assessment of the effects of alcohol and many individual drugs, both prescription and non-
prescription, on the outcomes of mandible fracture recovery. Nerve damage would be better defined 
by documenting pre-operative nerve deficiencies, as well as by more specifically defining post-
operative deficiencies over a longer time course. Trismus should ideally be quantified for all 
patients in a reproducible manner, such as by measuring in millimetres the inter-incisal distance at 
all pre- and post-operative appointments. Despite the study limitations, the aim of the study has 
been met, such that this study evaluates the largest number of variables, in a prospective and well-
controlled manner.  
 
Regarding generalisability, the outcomes measured are general in nature and are universally 
assessed in the management of mandible fractures.  
 
4.5 Conclusion  
It has been demonstrated that a reasonable delay in the management of mandible fractures requiring 
active treatment is unlikely to result in significant adverse outcomes and may allow for improved 
resource distribution and prioritisation of more time-dependent interventions. These results support 
and clarify those of eighteen studies that found no significant relationship between treatment delay 
and treatment outcome for mandible fractures in the literature review chapter above.   
 
For the sake of patient comfort, and other unstudied consequences of treatment delay such as pain 
and nutritional compromise, and to minimise admission length, it would be reasonable that the 
definitive management of mandible fractures by undertaken in a semi-urgent manner where 
feasible, as is currently practised at the study hospital. 
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 Chapter 5  
Influence of demographic variables on patient compliance with mandible fracture treatment  
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5 Influence of demographic variables on patient compliance with mandible fracture treatment 
5.1 Introduction  
Developed countries often see the majority of facial fractures in relation to interpersonal violence 
between young men, frequently in conjunction with alcohol or other illicit substance abuse.(68, 
109-118) It is regularly suggested that a comparatively high proportion of such patients are non-
compliant with various aspects of their care.(67, 110, 113, 117) Although several studies identify 
compliance as a potential causative or contributing factor of adverse outcomes of facial 
fractures(17, 18, 21, 25, 59, 62, 65, 67-69, 74, 79, 85, 88, 111, 113, 117-119), the current literature 
is unable to adequately quantify the influence of patient’s demographics on compliance.  
 
In 1997, in Houston, Texas, USA, Stewart and Chen attempted to identify variables associated with 
post-operative review appointment attendance in patients with any type of facial trauma.(118) 
Variables found to be associated with poor initial post-operative review appointment attendance 
were orbital injury, Caucasian race, and lack of home telephone. Variables found to be associated 
with poor final post-operative review appointment attendance were failure to attend initial post-
operative review appointment, and treatment with observation, suture only, or ORIF only. The 
study was a case series with only fifty-nine patients, with a heterogeneous mix of facial injuries, and 
analysed only post-operative review appointment attendance as a measure of compliance.(118) The 
only demographic variables of significance to this research were race, and lack of home telephone. 
Questionably, neither is particularly translatable to this study population.  
 
Recently, in Lexington, Kentucky, USA, Radabaugh et al conducted a study with the goal to 
identify factors associated with increased compliance in the post-operative management of patients 
specifically with mandible fractures.(117) They looked at whether surgery-specific variables such 
as surgical approach, use of external drains, use of non-resorbable sutures, or use of IMF, in 
addition to demographic variables such as age, race, insurance type, smoking history, and distance 
from medical centre, would influence post-operative compliance. The study included three hundred 
and thirty-four patients with isolated mandible fractures. The only variable found to have a 
statistically significant association with compliance was cigarette smoking, with poorer compliance 
observed amongst smokers.(117) Unfortunately, the only measure of compliance was attendance at 
the first post-operative review appointment. Further, being a retrospective case series, the study was 
of a relatively low evidence level. 
 
The intent of this study was to improve on the pre-existing research above. Specifically, we aimed 
to determine factors associated with poor compliance in patients with mandible fractures. It is 
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hoped that with an improved understanding of the causes of poor treatment compliance, targeted 
strategies may be employed to reduce the associated costs.  
 
5.2 Materials and methods  
5.2.1 Study design and Setting  
The data utilised for this study was collected simultaneously, in the same manner, and from the 
same patient cohort as that utilised above in Chapter 4 (see page 140) but was analysed 
independently. Data collection for compliance variables was undertaken by direct questioning of 
patients at post-operative review appointments. An effort was made to enquire with neutral 
questioning.  
 
5.2.2 Bias 
As per the study undertaken in Chapter 4, I was the first author and was not a member of the Oral 
and Maxillofacial Unit at the study hospital and as such had no conflict of interest in reporting the 
Unit’s surgical results. The second author, a Biostatistician from the School of Population Health at 
the University of Queensland, who had no professional connection with the Oral and Maxillofacial 
Unit or the first or third author, conducted the statistical analysis independently. The third author 
was the primary operator for only two of the 215 patients.  
 
5.2.3 Variables  
Demographics were measured with the following variables for each patient: age, gender, distance to 
oral and maxillofacial service, dental status, alcohol use, cigarette use, illicit drug use, employment 
status and injury aetiology.  
 
Compliance with post-operative instructions was measured with the following variables for each 
patient: soft diet, mouthwash, oral antibiotics, cigarette cessation and review appointment 
attendance.  
 
5.2.4 Quantitative variable handling  
Demographic variables 
Age and cigarette use were measured as continuous variables.  
 
Distance to oral and maxillofacial service was measured using Google Maps with the patient’s 
home postcode and the study hospital postcode.(120) Distances were divided into three groups: 0-
50km, 51-300km, and greater than 300km. In determining appropriate distance cut offs for each 
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group, it was felt that distances of less than 50km from the RBWH would be relatively amenable to 
private transport, public transport, cycling, walking, or at least a combination of these methods, and 
hence potential compliance in relation to travel would likely be decidedly different to those living 
further than 50 kilometres away. Likewise, it was felt that participants living further than 300 
kilometres from the service were less likely than those living closer to be compliant with travel. 
Beyond 50 kilometres, public transport, cycling and walking are unmanageable. Beyond 300 
kilometres, many participants would feel the need for air-travel.  
 
Dental status was determined by pre-operative radiographic analysis as good, moderate or poor. 
Concerning the effects of dental status on mandible fracture outcomes, occlusal instability and 
bacterial load were considered the primary risk factors for poorer outcomes. Therefore, participants 
with twenty-six or more teeth, with less than three obvious carious lesions and without obvious 
periodontal bone loss were considered as having a good dental status. Participants with at least 
twenty teeth, but less than twenty-six teeth, were considered as having a moderate dental status, 
unless severe periodontal bone loss or gross caries was evident. Similarly, participants with more 
than twenty-six teeth were considered as having a moderate dental status if more than two obvious 
carious lesions or moderate periodontal bone loss was evident. Participants with less than twenty 
teeth, or those with severe periodontal bone loss or gross caries were considered to have a poor 
dentition. 
 
Alcohol use was defined as non-drinker, binge drinker, low-regular drinker and high-regular 
drinker. Alcohol use was determined by questioning of patients upon admission to hospital. It is 
well recognised that binge drinking is associated with a large proportion of mandible fracture 
presentations and regular heavy alcohol use is associated with poorer overall health and healing. For 
these reasons, it was determined that the categorisation of alcohol use should account for both forms 
of use. The Australian Government National Health and Medical Research Council recommends 
that for both men and women, no more than two standard drinks on any day reduces the lifetime 
risk of harm from alcohol-related disease or injury, and that for both men and women, drinking no 
more than four standard drinks on a single occasion reduces the risk of alcohol-related injury arising 
from that occasion.(121) A standard drink is defined as one can of mid-strength beer, a thirty 
millilitre nip of spirits, or one hundred millilitres of wine (13.5%).(121) Therefore, participants who 
usually drank every week, but within the above recommendations, were considered as low-regular 
drinkers. Participants who usually drank every week, and who drank more than the above 
recommendations on more than one day per week, were considered as high-regular drinkers. 
Participants who usually drank more than four standard drinks on a single occasion, and who 
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usually drank at a frequency of once per week or less, were considered as binge drinkers, and 
participants who didn’t drink or drank within the above recommendations but at a frequency of less 
than once per week were considered as non-drinkers. 
 
Illicit drug use was recorded as yes or no.  
 
Injury aetiology was defined as assault or non-assault.  
 
Employment status was defined as employed or non-employed. Students and retirees were allocated 
to the non-employed group.  
 
Compliance variables 
Soft diet, mouthwash, oral antibiotics, and cigarette cessation were all measured as yes or no.  
Review appointment attendance was initially measured in three groups: attended all review 
appointments, attended some review appointments and attended no review appointments. The 
variable was later compressed from a tri-variate to a bi-variate model for statistical purposes.  
 
5.2.5 Statistical methods  
The effect of individual demographic variables (independent variables) on individual compliance 
variables (dependent variables) was examined using multivariable binary logistic regression. As the 
primary aim of the study was to quantify the effects of the eight demographic variables on each 
compliance variable, none were excluded from the multivariable modelling. Diagnostic testing was 
undertaken on each model. All models were determined to have good model fit and specification, 
the former by way of the Hosmer-Lemeshow test(108), and the latter by way of Pregibon’s link 
test.(107) In addition, the Box-Tidwell test was used to assess the significance of departures from 
linearity in the logit.(122) Results for all parts are presented as odds ratios and accompanying 95% 
confidence intervals. Statistical analyses were firstly undertaken with only patients who provided 
data on all variables required in the modelling. Consequently, and to assess the effect that missing 
data might have on estimates produced by such an approach, all analyses were replicated using a 
chained multiple imputation approach, and corresponding estimates compared for significance and 
directional effect.  All statistical tests were two-tailed and statistical significance was assigned to a 
p-value < 0.05. Statistical analysis was performed using Stata version 15.0 (StataCorp, College 
Station, TX, USA). 
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5.3 Results 
5.3.1 Participants  
As with Chapter 4, a continuous sample of two hundred and fifteen patients with three hundred and 
fifty-nine mandible fractures was achieved. Whilst there was a substantial level of missing data, as 
shown in Figures 5.1 and 5.2, a comparison of point and interval estimates obtained from complete-
case analysis and chained multiple imputation showed a high degree of similarity. As a 
consequence, results reported emanate from a complete-case perspective.  
 
 
Figure 5.1 Demographic data: observations complete per variable (percentage). 
 
 
Figure 5.2 Compliance data: observations complete per variable (percentage). 
 
 
100 100 97 99
88
93
87 84
100
0
10
20
30
40
50
60
70
80
90
100
Age (%) Gender (%) Distance to
service (%)
Dental status
(%)
Alcohol use
(%)
Cigarette use
(%)
Illicit drug use
(%)
Employment
status (%)
Injury
aetiology (%)
77
73 73
81
99
0
10
20
30
40
50
60
70
80
90
100
Soft diet
(%)
Mouthwash
(%)
Oral
antibiotics
(%)
Cigarette
cessation
(%)
Review
attendance
(%)
113 
 
5.3.2 Outcome data  
Demographic variables 
The Oral and Maxillofacial Unit at the study hospital provides a tertiary referral service for facial 
trauma for a large metropolitan and regional area. Participants who lived more than 300 kilometres 
from the hospital totalled 30%, and a further 32% lived between 50km and 300km from the 
hospital. Male participants made up 84% of participants, and the mean age was thirty-one years. 
Good dental status was measured in 55% of participants, 29%  had moderate, and 16% poor. 
Cigarette use, illicit drug use, employment status, injury aetiology and alcohol use values are 
demonstrated in Figures 5.3 and 5.4. The mean number of cigarettes smoked per day by smokers 
was fifteen.   
 
 
Figure 5.3 Demographic data: cigarette use, illicit drug use, employment status, injury aetiology 
(percentages) 
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Figure 5.4 Demographic data: alcohol use (percentage). 
 
Compliance variables 
Compliance values are demonstrated in Figure 5.6. The mean number of cigarettes smoked per day 
before treatment for the participants compliant with cigarette cessation was nine. Of the 42% of 
participants that were non-compliant with review appointment attendance, 13% did not attend any 
post-operative review appointments.  
 
 
Figure 5.5 Compliance data: soft diet, mouthwash, antibiotics, cigarette cessation, review 
attendance (percentages). 
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5.3.3 Main results  
Significant associations were found for the compliance variables soft diet and smoking cessation 
(Table 5.1). 
 
Males compared to females (OR: 0.13; 95%CI: 0.01-1.06), and illicit drug users compared to non-
users (OR: 0.55; 95%CI: 0.11-0.93) were both significantly more likely to be non-compliant with 
soft diet instructions.  
 
Males compared to females (OR 0.02; 95%CI: 0.01-0.25), non-employed compared to employed 
(OR 19.23; 95%CI: 1.48-86), and participants living further than 300km from the service compared 
to participants living within 50km (OR 0.07; 95%CI: 0.01-0.49) were all significantly more likely 
to be non-compliant with cigarette cessation advice.   
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Table 5.1 Effects of individual demographic variables on individual compliance variables. 
 Soft diet Mouthwash Antibiotics Cigarette cessation Review attendance 
 OR 95%CI P OR 95%CI P OR 95%CI P OR 95%CI P OR 95%CI P 
Age 1.01 
0.96-
1.06 
0.7 0.97 
0.90-
1.06 
0.52 0.98 
0.90-
1.07 
0.62 0.86 
0.77-
0.96 
0.01 0.97 
0.93-
1.01 
0.18 
Gender                
Female 1   1   1   1   1   
Male 0.13 
0.01-
1.08 
0.02 0.38 
0.02-
6.20 
0.5 0.83 
0.05-
15.38 
0.9 0.02 
0.01-
0.25 
<0.01 2.15 
0.57-
8.20 
0.26 
Distance to 
service 
               
0 - 49 1   1   1   1   1   
50 - 299 0.49 
0.18-
1.33 
0.16 1.1 
0.20-
5.98 
0.91 0.51 
0.07-
3.90 
0.52 0.6 
0.06-
6.35 
0.67 1.66 
0.65-
4.28 
0.29 
300+ 0.5 
0.19-
1.58 
0.25 4.42 
0.28-
69.19 
0.29 0.73 
0.06-
9.08 
0.81 0.07 
0.01-
0.49 
0.01 2.5 
0.92-
6.83 
0.07 
Dental status                
Good 1   1   1   1   1   
Moderate 1.44 
0.44-
4.69 
0.55 1.98 
0.19-
21.60 
0.58 0.53 
0.05-
5.49 
0.6 0.07 
0.01-
2.51 
0.15 1.05 
0.38-
2.89 
0.93 
Poor 1.24 
0.16-
9.32 
0.84 1.69 
0.08-
37.12 
0.74 1.34 
0.03-
55.45 
0.88 7.92 
0.12-
89.65 
0.34 2.72 
0.52-
14.18 
0.24 
Alcohol use                
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Non-drinker 1   1   1   1   1   
Regular-low 
drinker 
0.92 
0.23-
3.66 
0.06 0.22 
0.03-
2.04 
0.19 0.45 
0.07-
3.00 
0.41 0.72 
0.01-
60.60 
0.27 1.13 
0.33-
3.90 
0.84 
Regular-high 
drinker 
0.77 
0.22-
2.61 
0.91 0.24 
0.02-
2.45 
0.23 0.5 
0.04-
6.28 
0.59 0.88 
0.34-
87.11 
0.72 0.42 
0.11-
1.70 
0.23 
Binge drinker 1.43 
0.42-
4.91 
0.67 0.26 
0.02-
3.89 
0.33 4.34 
0.18-
105.22 
0.37 1.23 
0.01-
3.95 
0.91 0.32 
0.10-
1.06 
0.06 
Cigarette use 1 
0.95-
1.06 
0.93 0.95 
0.87-
1.04 
0.28 0.98 
0.89-
1.08 
0.71 0.88 
0.76-
1.03 
0.11 1.03 
0.98-
1.08 
0.28 
Illicit drug use                
No 1   1   1   1   1   
Yes 0.55 
0.11-
0.93 
0.04 0.2 
0.03-
1.19 
0.08 0.19 
0.03-
1.19 
0.08 0.9 
0.07-
12.28 
0.94 2.14 
0.78-
5.87 
0.14 
Employment 
status 
               
No 1   1   1   1   1   
Yes 1.36 
0.51-
3.60 
0.54 0.69 
0.11-
4.22 
0.69 2.55 
0.38-
16.91 
0.33 19.23 
1.48-
86.04 
0.02 0.45 
0.18-
1.14 
0.09 
Injury aetiology                
Assault no 1   1   1   1   1   
Assault yes 0.59 
0.24-
1.49 
0.27 1.39 
0.18-
10.55 
0.75 1.98 
0.14-
28.59 
0.62 1.24 
0.39-
31.06 
0.83 0.52 
0.21-
1.27 
0.15 
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5.4 Discussion  
Males, known illicit drug users, the unemployed and those living furthest from oral and 
maxillofacial care were the demographic factors most likely to be associated with non-compliance 
with post-operative instructions in our study population. The causation for these findings is difficult 
to elicit. A heavily cited study by Jin et al, examining factors affecting therapeutic compliance, 
highlighted the difficulty in examining pure associations with demographic variables due to the 
complex influences of various cultural, socioeconomic and psychological factors.(123) Despite this, 
these findings were not surprising within the studied demographic. These findings are probably 
relatively generalisable, as the demographics of the studied population are consistent with those 
reported from other similar institutions involved in the management of mandible fractures. 
 
Compliance with cigarette cessation was 16%. This effect is magnified by the high proportion of 
cigarette smokers in the study population at 53%, considerably higher than the Australian average 
of approximately 15%.(124) Along with its well-studied effects on systemic wound healing and 
carcinogenesis, smoking has been associated with complications in many oral and maxillofacial 
surgical procedures such as orthognathic surgery, dental implantology, maxillary sinus 
augmentation, dentoalveolar surgery and facial trauma surgery.(125-130)  
 
Compliance with review appointment attendance was 58% which is consistent with similar 
populations previously reported in the literature.(113, 117, 118) One of the study participants who 
was completely lost to follow-up was discharged from hospital with arch bars in situ. Concerns 
regarding the implications of long-term retention of hardware such as arch bars, bridle wires and 
IMF screws, as well as non-resorbable sutures, are validated with such poor figures. Radabaugh et 
al recently commented that “the mantra to treat and street has favoured operative techniques that 
can adequately treat a fracture but do not require as rigorous a post-operative follow-up course”, 
which may be a valid proposition.(117)  
 
Compliance with soft diet instructions was 74%. Of the non-compliant, most reported a gradual 
reintroduction of chewable foods at approximately three weeks post-operation. Several participants 
admitted to chewing steak or burgers within a week of surgery, and two were witnessed chewing 
solid foods at the one-week post-operative review appointment. A common criticism of treatment 
by participants was that the dietary restrictions were unreasonable, despite education regarding the 
implications of treatment failure. Interestingly, in 1978, in their landmark study “Mandibular 
Osteosynthesis by Miniature Screwed Plates Via a Buccal Approach”, Champy et al recommended 
return to normal diet from the tenth post-operative day.(19)  
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Compliance was high for antibiotic and mouthwash usage. The disparity is likely explained by the 
fact that the antibiotic and mouthwash regimen prescribed required very little time commitment or 
lifestyle sacrifice and was free of charge for the participants of the study. There is also a proportion 
of the studied population that places a disproportionately high value on the use of antibiotics. A 
recent systematic review by Shridharani et al, examining the role of post-operative antibiotic use in 
the management of mandible fractures, suggested that antibiotics beyond twenty-four hours may not 
be required except in select cases, but that higher level evidence is required.(131) Several other 
studies support this assertion.(132-135) Despite its widespread use and intuitiveness, there does not 
appear to be any published evidence directly evaluating the efficacy of post-operative chlorhexidine 
mouthwash, or any other mouthwash, in the prevention of infection in the management of mandible 
fractures. Similarly, there seems to be a sparsity of literature available regarding the significance of 
oral hygiene specifically in relation to surgery for mandible fractures. 
 
The findings of this study are subject to a number of caveats. Firstly, patients notoriously downplay 
their non-compliance, although one would assume that an entirely accurate measure of the variables 
assessed would only strengthen the findings. Nevertheless, despite attempting to collect data 
regarding compliance in a non-judgemental manner, the method of data collection employed in this 
study may have contributed to an underestimation of non-compliance. In a recent study by Engel et 
al, in relation to compliance with therapy for inflammatory bowel disease, simply re-phrasing the 
question used to ascertain compliance was responsible for a 20% increase in recorded non-
compliance rates.(136) Engel et al also explain that despite the development of diverse tools and 
questionnaires to accurately assess non-compliance, “the optimal means for assessing non-
adherence are as yet undefined”.(136) Secondly, there was substantial missingness across the data. 
However, while response on specific variables was low, estimates did not appear to be unduly 
biased. Lastly, the presence of residual confounding cannot be entirely discounted, but given the 
adequacy of model specification it is unlikely (as with missing data), that its effect was significant. 
 
5.5 Conclusion  
The findings of this study demonstrate clearly that patient compliance cannot be relied upon within 
the average oral and maxillofacial trauma cohort. It would seem foolhardy to continue offering the 
same service, particularly in relation to compliance with soft diet instructions and review 
appointment attendance, if outcomes were significantly affected. The cost and morbidity associated 
with poor outcomes, such as extra outpatient appointments and travel, repeat admissions, returns to 
theatre, delayed return to work, and more invasive surgeries is extreme. Clinicians involved with 
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state-funded medical care have a responsibility to their patients, but also to the taxpayer. If an 
increased frequency of poor outcomes was observed in patients with poor compliance in relation to 
post-operative instructions, unless interventions to improve compliance were surprisingly 
successful, maybe we should be offering more “compliance proof” treatment options in those 
patients identified most likely to not comply. This is obviously a difficult and controversial issue, 
since probably all such alternative treatments offer increased morbidity when compared with a 
successful standard approach. For example, load-bearing fixation in the mandible may be more 
likely to result in union in non-compliant patients than standard load-sharing treatments, but these 
larger plates and screws are usually considered more invasive and risk-prone. To add further to the 
controversy, it seems unjust to treat patients differently based on generalisations related to 
demographics. But do we need to think about offering patients the alternative? Many of the non-
compliant patients in the study were seemingly honest in relation to their poor compliance. If asked 
the question, a number of such patients may self-identify as unlikely to comply with soft diet 
advice, which could allow the clinician to more reasonably offer more invasive treatments which 
may in time prove to improve overall outcomes. Similarly, if patients admit that they are unlikely to 
attend post-operative appointments, should we offer treatments less likely to require close 
monitoring in the post-operative period. The obvious example would probably be to aim to ORIF 
condylar fractures instead of relying on IMF and elastic use, and the associated need to monitor 
occlusal relationships. Conversely, if poor compliance in an area has no significant bearing on 
outcomes, it affords the clinician with the justification to eliminate evidently futile impositions on 
patients, which in turn would reduce the overall costs of the service.  
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Chapter 6 
Influence of patient compliance on outcomes of mandible fracture treatment   
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6 Influence of patient compliance on outcomes of mandible fracture treatment   
6.1 Introduction  
As is mentioned in Chapter 2, it is generally thought that a comparatively high proportion of 
patients with facial trauma are non-compliant with various aspects of their care. These sentiments 
are manifested in Chapter 5. It stands to reason that non-compliance would contribute to adverse 
outcomes and increased costs in general. Although several studies identify compliance as a potential 
causative or contributing factor of adverse outcomes of facial fractures,(17, 18, 21, 25, 59, 62, 65, 
67-69, 74, 79, 85, 88, 111, 113, 117-119) the currently available literature is unable to adequately 
quantify its effects.  
 
In 1990, in Lexington, Kentucky, USA, Marciani et al attempted to analyse the effects of 
compliance on outcomes of facial fracture treatment.(67) Despite finding no significant association 
between compliance and outcomes, the study was vastly underpowered with a sample size of 
twenty-five, with four different facial fracture subgroups, and was retrospective in nature. Further, 
compliance was not a standardised outcome measure, with nine differing individual types of non-
compliance documented.(67)   
 
More recently in 2016, Lee et al included patient compliance as a secondary variable in an isolated 
mandible study primarily designed to assess the effects of treatment delay.(88) As with Marciani et 
al(67), there was no statistically significant influence found with respect to patient non-
compliance.(88) However, again shortcomings were evident. The study was retrospective, and 
compliance was only measured by attendance at post-operative review appointments.   
 
The intent of this study was to improve on the pre-existing research. Specifically, the aim was to 
determine if poor compliance is associated with an increased incidence of treatment complications. 
With an improved understanding of the effects of poor treatment compliance, targeted strategies 
may be employed to reduce the associated costs.  
 
6.2 Materials and methods   
6.2.1 Study design and Setting  
The data utilised for this study was collected simultaneously, in the same manner, and from the 
same patient cohort as that utilised above in Chapters 4 and 5 (see page 140) but was analysed 
independently. Data collection for compliance variables was undertaken by direct questioning of 
patients at post-operative review appointments. An effort was made to enquire with neutral 
questioning.  
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6.2.2 Bias 
As per the studies undertaken in Chapters 4 and 5, I was the first author was not a member of the 
Oral and Maxillofacial Unit at the study hospital and as such had no conflict of interest in reporting 
the Unit’s surgical results. The second author, a Biostatistician from the School of Populat ion 
Health at the University of Queensland, who had no professional connection with the Oral and 
Maxillofacial Unit or the first or third author, conducted the statistical analysis independently. The 
third author was the primary operator for only two of the two hundred and fifteen patients.  
 
6.2.3 Variables  
Compliance with post-operative instructions was measured with the following variables for each 
patient: soft diet, mouthwash, oral antibiotics, cigarette cessation and review appointment 
attendance.  
 
Treatment outcome was measured with the following variables for each patient: local post-operative 
infection, wound dehiscence, malocclusion, fracture non-union, hardware exposure, nerve damage, 
trismus and return to theatre.  
 
6.2.4 Quantitative variable handling 
Compliance variables 
Soft diet, mouthwash, oral antibiotics, and cigarette cessation were all measured as yes or no.  
 
Review appointment attendance was initially measured in three groups: attended all review 
appointments, attended some review appointments and attended no review appointments. The 
variable was later compressed from a tri-variate to a bi-variate model for statistical purposes.  
 
Outcome variables 
Local post-operative infection, wound dehiscence, fracture non-union, hardware exposure, nerve 
damage, trismus and return to theatre were all defined as yes or no. Malocclusion was measured as 
an ordinal variable.  
 
Local post-operative infection was defined as any clinical sign of infection such as erythema and 
purulence at the site of surgery during the follow up period.  
 
Wound dehiscence was defined as any clinically significant breakdown of any related surgical 
incision at any time during the follow up period.  
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Fracture non-union was defined radiographically as any permanent failure of healing of related 
fracture sites at any time during the follow up period.  
 
Hardware exposure was defined as any exposure of metal work to the oral cavity or externally 
through skin at any time during the follow up period.  
 
Nerve damage was defined as any objectively altered sensation in the distribution of the mental 
nerve at the final post-operative review appointment, irrespective of pre-operative status.  
 
Return to theatre was defined as any return to theatre at any time for the correction of complications 
directly related to the mandible fracture or fractures treated within the study. 
 
Trismus was defined at the final post-operative review appointment as any limitation of mouth 
opening because of the injury or treatment within the study. 
 
Malocclusion was defined at the final post-operative review appointment as any alteration of 
occlusion because of the injury or treatment within the study. 3 groups were defined: no, subjective 
and objective. Subjective malocclusion was defined as a sensation of abnormal bite by the patient 
that could not be correlated clinically by the reviewer. Objective malocclusion was defined as a 
clinically observable alteration of bite by the reviewer, such as a premature contact or open bite.   
 
6.2.5 Statistical methods  
Statistical analysis was undertaken in two parts.  
 
Part 1 
The independent effects of the five individual compliance variables (independent variables) on each 
of the eight individual treatment outcome variables (dependent variables) were examined using 
multivariable binary logistic regression for all outcomes except Malocclusion. For malocclusion, 
multivariable ordinal logistic regression was used. For reasoning as for Part 1, all compliance 
variables were included in the multivariable modelling. As assessed by Pregibon’s link test, no 
model was deemed to be misspecified or have poor model fit.(107) For the outcome of 
Malocclusion, the assumption of proportional odds was also found to be valid(137), as was the 
assumption of linearity.(122) 
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Part 2 
The effect of a global compliance variable (independent variable) on each of the eight individual 
treatment outcome variables (dependent variables) was quantified using multivariable binary 
logistic regression for all outcomes except Malocclusion. For malocclusion, multivariable ordinal 
logistic regression was used. The global compliance variable consisted of three levels: 1) compliant 
on zero or one compliance variables; 2) compliant on two or three compliant variables; and 3) 
compliant on four or five compliance variables. As assessed by Pregibon’s link test(107), no model 
was deemed to be misspecified, have poor model fit, or violate the assumption of linearity.(122) For 
the outcome of Malocclusion, the assumption of proportional odds was also found to be valid.(137) 
 
Results for all parts are presented as odds ratios and accompanying 95% confidence intervals. 
Statistical analyses were firstly undertaken with only patients who provided data on all variables 
required in the modelling. Consequently, and to assess the effect that missing data might have on 
estimates produced by such an approach, all analyses were replicated using a chained multiple 
imputation approach, and corresponding estimates compared for significance and directional effect.  
All statistical tests were two-tailed and statistical significance was assigned to a p-value < 0.05. 
Statistical analysis was performed using Stata version 15.0 (StataCorp, College Station, TX, USA). 
 
6.3 Results 
6.3.1 Participants  
As with Chapters 4 and 5, a continuous sample of two hundred and fifteen patients with three 
hundred and fifty-nine mandible fractures was achieved. Whilst there was a substantial level of 
missing data, as described in Section 4.3.1 (Chapter 4) and demonstrated in Figure 5.2 (Chapter 5), 
a comparison of point and interval estimates obtained from complete-case analysis and chained 
multiple imputation showed a high degree of similarity. As a consequence, results reported emanate 
from a complete-case perspective.  
 
6.3.2 Outcome data  
Compliance variables 
Compliance values are demonstrated in Figure 6.1. The mean number of cigarettes smoked per day 
before treatment for the participants compliant with cigarette cessation was nine. Of the 42% of 
participants that were non-compliant with review appointment attendance, 13% did not attend any 
post-operative review appointments.  
 
126 
 
 
Figure 6.1 Compliance data: soft diet, mouthwash, antibiotics, cigarette cessation, review 
attendance (percentages). 
 
Outcome variables 
Outcome values are demonstrated in Figures 4.1 and 4.2 (Chapter 4). 
 
6.3.3 Main results  
Part 1 
Borderline significant associations were found for the outcome variables post-operative infection, 
trismus and return to theatre (Table 6.1). 
 
Participants that were compliant with post-operative review appointments compared to participants 
that were not were less likely to be diagnosed with a post-operative infection (OR: 4.7; 95% CI: 
0.99-22.23), or to return to theatre (OR: 7.03; 95%CI: 0.99-49.80).  
 
Participants that were compliant with mouthwash instructions compared to participants that were 
not were less likely to be diagnosed with trismus (OR: 0.12; 95%CI 0.01-1.01).  
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Table 6.1 Effects of individual compliance variables on treatment outcomes. 
 
Wound 
dehiscence 
Malocclusion Non-union 
Hardware 
exposure 
Infection Nerve damage Trismus 
Return to 
theatre 
 OR 
95%
CI 
P 
O
R 
95%
CI 
P 
O
R 
95%
CI 
P 
O
R 
95%
CI 
P 
O
R 
95%
CI 
P 
O
R 
95%
CI 
P 
O
R 
95%
CI 
P OR 
95%
CI 
P 
Anti-
biotics 
                        
No 1   1   1   1   1   1   1   1   
Yes 0.71 
0.06-
9.23 
0.8 
3.4
1 
0.32-
36.76 
0.3
1 
0.2 
0.01-
2.96 
0.2
4 
0.5
6 
0.04-
7.42 
0.6
6 
0.4
3 
0.06-
3.20 
0.4
1 
0.0
6 
0.01-
1.44 
0.0
8 
1 
0.07-
13.84 
1 0.3 
0.04-
2.22 
0.2 
Cigarette 
cessation 
                        
No 1   1   1   1   1   1   1   1   
Yes 0.44 
0.01-
14.9 
0.6
5 
1.2
8 
0.34-
4.88 
0.7
2 
0.4
2 
0.01-
32.0 
0.6
9 
0.6
7 
0.02-
22.7 
0.8
2 
0.5
3 
0.06-
4.91 
0.5
7 
1.5
8 
0.43-
5.83 
0.5 
2.9
5 
0.60-
14.50 
0.1
8 
2.8
9 
0.38-
22.0 
0.3 
Mouth- 
wash 
                        
No 1   1   1   1   1   1   1   1   
Yes 0.31 
0.02-
4.43 
0.3
9 
3.4
6 
0.31-
38.89 
0.3
1 
0.0
9 
0.01-
1.83 
0.1
2 
0.2
9 
0.02-
4.11 
0.3
6 
0.2
1 
0.02-
1.78 
0.1
5 
2.1
6 
0.24-
19.1 
0.4
9 
0.1
2 
0.01-
1.01 
0.0
5 
0.3
8 
0.05-
2.75 
0.3 
Review 
atten- 
dance 
                        
No FTAs 1   1   1   1   1   1   1   1   
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Some/all 
FTAs 
10.2
4 
0.51-
96.7 
0.1
3 
2.5
8 
0.88-
7.54 
0.0
8 
3.5
6 
0.15-
86.2 
0.4
4 
6.5
2 
0.31-
91.1 
0.2
3 
4.7 
0.99-
22.2 
0.0
5 
1.0
8 
0.39-
2.97 
0.8
9 
0.6
1 
0.12-
3.05 
0.5
5 
7.0
3 
0.99-
49.8 
0.05 
Soft diet                         
No 1   1   1   1   1   1   1   1   
Yes 2.04 
0.26-
16.0 
0.5 
1.3
7 
0.41-
4.59 
0.6
1 
2.3
7 
0.13-
43.0 
0.5
6 
1.3
2 
0.15-
11.7 
0.8
1 
1.4
6 
0.32-
6.77 
0.6
3 
1.1
2 
0.36-
3.56 
0.8
4 
0.5
7 
0.12-
2.69 
0.4
8 
1.4
8 
0.26-
8.33 
0.66 
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Part 2 
A global compliance level of low was found in 27% of participants, whereas 59% were moderately 
compliant overall, and 14% were highly compliant overall. Since moderate global compliance was 
most common, this level was used as the reference level in the regression analyses.  
 
Global compliance level was found to be significantly associated with the outcome variable wound 
dehiscence (see Table 6.2). Participants with a global compliance level of low compared to 
moderate were significantly more likely to have a wound dehiscence (OR 8.4; 95%CI: 1.89-37).   
 
Table 6.2 Effects of global compliance variables on treatment outcomes. 
 N OR 95%CI p Overall P 
Wound dehiscence 171     
Low  8.43 1.89 – 37.49 0.01  
Moderate  1    
High  2.03 0.36 – 11.65 0.45 0.02 
Non-union 168     
Low  3.97 0.34 – 46.42 0.27  
Moderate  1    
High  1.98 0.17 – 22.61 0.58 0.54 
Hardware exposure 168     
Low  1.95 0.20 – 18.62 0.56  
Moderate  1    
High  0.98 0.11 – 9.05 0.98 0.84 
Infection 169     
Low  1.44 0.29 – 7.18 0.66  
Moderate  1    
High  2.42 0.82 – 17.17 0.11 0.28 
Nerve damage 171     
Low  2.42 0.84 – 6.97 0.1  
Moderate  1    
High  1.6 0.73 – 3.54 0.24 0.17 
Trismus 164     
Low  0.77 0.09 – 6.49 0.81  
Moderate  1    
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High  1.16 0.30 – 4.49 0.83 0.94 
Return to theatre 171     
Low  1.26 0.26 – 6.22 0.78  
Moderate  1    
High  1.49 0.44 – 5.06 0.52 0.8 
Malocclusion 166     
Low  2.61 0.93 – 7.33 0.07  
Moderate  1    
High  1.62 0.75 – 3.51 0.22 0.13 
 
 
6.4 Discussion  
The results of this study indicate that non-compliance has minimal bearing on clinical outcomes in 
the management of mandible fractures. None of the five individual post-operative compliance 
variables, as prescribed and assessed in the studied population, were found to be significantly 
associated with outcomes of treatment at the five percent level. However, several borderline 
significant outcomes were observed. Participants that were compliant with post-operative review 
appointments were borderline significantly less likely to be diagnosed with a post-operative 
infection, or to return to theatre. Participants that were compliant with mouthwash instructions were 
borderline significantly less likely to be diagnosed with trismus. Despite the near significance, it is 
difficult to draw solid conclusions from these findings. For instance, the link between mouthwash 
usage and better mouth opening is unclear and likewise, it is not apparent how post-operative clinic 
attendance would independently result in a decrease in the incidence of post-operative infection 
diagnoses.  
On the other hand, is conceivable that early detection of wound dehiscence and institution of 
irrigation and encouragement in the use of chlorhexidine containing mouthwash could prevent the 
progression to infection. Similarly, it is conceivable that increased compliance with post-operative 
review appointments allows early detection of developing complications that would lead to a return 
to theatre if not detected and rectified early by simple interceptive interventions such as a change in 
elastic orientation or force, or prescription of antibiotics. 
 
When compliance variables were combined to make a global compliance variable, those 
participants considered generally non-compliant overall were significantly more likely to 
experience a wound dehiscence. As above, it is difficult to draw any solid conclusions from this 
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finding, despite its significance. Could it be possible that some or all of the independent compliance 
variables could have a cumulative impact on wound healing? Alternatively, participants who are 
non-compliant with multiple aspects of their care may happen to share another independent variable 
that increases the likelihood of wound dehiscence. Further studies are required.  
 
The findings of this study are subject to the same caveats as the study outlined in Chapter 5. Firstly, 
patients notoriously downplay their non-compliance, although one would assume that an entirely 
accurate measure of the variables assessed would only strengthen the findings. Secondly, there was 
substantial missingness across the data. However, while response on specific variables was low, 
estimates did not appear to be unduly biased, since despite the missing data and therefore less 
power (and wide 95% CIs), the results of the study remained unchanged when subject to analysis 
using multiple imputation to account for missing values; no non-significant result became 
significant or vice-versa. In addition, all directional effects remained unchanged; positive to positive 
and negative to negative. Lastly, the presence of residual confounding could not be entirely 
discounted, but given the adequacy of model specification, it is unlikely (as with the missing data), 
that its effect was significant. 
 
6.5 Conclusion  
The outcomes (treatment complications) measured in relation to poor compliance in this study were 
local post-operative infection, wound dehiscence, fracture non-union, hardware exposure, nerve 
damage, trismus and return to theatre. However, not all complications are considered equal. Almost 
always, non-union results in the greatest cost and morbidity, and it frequently requires a return to 
theatre. Conversely, trismus as a result of mandibular trauma is typically reversible and generally 
not a long-term burden for the patient. Wound dehiscence and hardware exposure are often 
amenable to simple conservative measures, although on occasion hardware exposure, usually as a 
result of wound dehiscence, requires a return to theatre once bony union is achieved. Less 
frequently, hardware exposure can lead to hardware failure and subsequent non-union. Local post-
operative infection is also usually simple to manage, although occasionally such infection can result 
in return to theatre, non-union, or even spreading sepsis and death. Nerve damage often improves or 
completely resolves with time, often of a greater duration than the follow-up period of this study. 
Furthermore, permanent sensory nerve injury in trauma patients is anecdotally not usually observed 
to have a significant impact on quality of life. However, occasionally such nerve injuries can result 
in debilitating, life-long, non-responsive dysaesthesia. The variance in significance of the 
complications included is particularly relevant when ascertaining the contribution that poor patient 
compliance makes in this study. As opposed to the study described in Chapter 4, which utilises the 
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same patient cohort and outcome measures, this study on compliance actually produces a significant 
finding, related to increased wound dehiscence. However, as mentioned previously, wound 
dehiscence is usually one of the least concerning and least morbid complications of mandibular 
fracture management.  
 
The findings of this study largely parallel those of Marciani et al(67) and Lee et al.(88) The 
significance of patient compliance in the management of mandibular fracture management is 
probably overstated. Developing targeted strategies to improve compliance may be of marginal 
benefit. In reality, it is probably more logical to relax the requirements imposed on patients post-
operatively, particularly in relation to dietary restrictions and post-operative review appointment 
attendance.   
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Chapter 7 
Conclusions 
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7.1 Conclusions 
The work in this thesis has expanded the global pool of knowledge, particularly with the direct 
production of four publications in an internationally recognised, peer-reviewed journal. In addition 
to formally documenting the current state of knowledge in relation to treatment timing of all facial 
fractures, this research has been able to answer questions in the following areas: 
 
• The effects of treatment timing in the management of zygomatic fractures, 
• The effects of treatment timing in the management of mandible fractures, 
• The effects of patient demographics on post-operative compliance in the management of 
mandible fractures, and 
• The effects of post-operative compliance on outcomes in the management of mandible 
fractures.  
 
To achieve this, a methodical literature review was firstly undertaken in the form of a systematic  
review, to identify specific target areas of evidence deficiency in the management of facial  
fractures. The literature review identified several shortcomings in the literature, particularly around  
timing of treatment of zygomatic fractures and mandibular fractures, and the influence of patient  
compliance with treatment of facial fractures. Following this, two research projects were  
simultaneously initiated; the retrospective zygoma project, and the prospective mandible 
project.  
 
The zygoma project was a retrospective case series of ninety-nine consecutive patients treated by 
the Oral and Maxillofacial Unit at the RBWH, analysing the effects of treatment timing in the  
management of zygomatic fractures. The mandible project was a prospective case series of two 
hundred and fifteen consecutive patients, also treated by the Oral and Maxillofacial Unit at the 
RBWH. The foundation for the mandible project was the data collection sheet (see page 140). The 
data collection sheet was carefully designed to incorporate all known necessary variables to 
examine not only the effects of treatment timing in the management of mandible fractures, but also 
the effects of patient demographics on patient compliance, and the effects of compliance on 
outcomes. The outcomes for these projects and the implications for the improvement of patient 
outcomes and healthcare resource expenditure in the management of facial fractures are discussed 
below, in addition to considerations for possible future projects arising from this research.  
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7.2 Concluding remarks  
7.2.1 The effects of treatment timing in the management of zygomatic fractures  
Chapter 3 describes the development and implementation of a project to provide for an evidence 
base for the timing of treatment of zygomatic fractures by analysing the effects of surgical treatment 
delay. Specifically, the incidences of trismus, facial asymmetry, facial scarring, and radiographic 
fracture reduction inadequacy were assessed in relation to treatment delay. It was hypothesised that 
surgical treatment delay would not significantly affect the aforementioned outcomes.  
 
Treatment delay was found not to significantly alter the incidence of trismus, or facial asymmetry, 
such that the hypothesis was accepted in relation to these outcome variables.  
 
Treatment delay was found to significantly alter the incidence of facial scarring. For each additional 
delay of a day, the odds of facial scarring being present compared to absent decreased by 13%, such 
that the hypothesis is rejected in relation to facial scarring.  
 
Treatment delay was also found to significantly alter the incidence of major post-operative 
radiographic fracture reduction inadequacies for both regular cigarette users and non-regular 
cigarette users/non-users. For regular cigarette users, for each additional day of delay there was a 
306-fold increased risk of having a radiographic outcome of major deviation from premorbid 
compared to equivalent to premorbid. For non-regular cigarette users/non-users, for each additional 
day of delay there was a 1.5-fold increased risk of having a radiographic outcome of major 
deviation from premorbid compared to equivalent to premorbid.   
 
The results indicate that delay in the management of zygomatic fractures may have benefits in terms 
of facial scar minimisation but may adversely affect radiographic reduction outcomes. Ideally a 
compromise between these two variables should be struck that is feasible in the context of 
departments managing high volumes of facial trauma.  
 
The results shown in Chapter 3 provide the first known platform on which to further examine the 
effects of treatment delay in relation to zygomatic fractures. Studies of a higher level will allow for 
the clarification of uncertainties such as the relevance of varying degrees of cigarette use in 
zygomatic fracture treatment, and the significance of the degree of fracture comminution.  
 
7.2.2 The effects of treatment timing in the management of mandible fractures  
Chapter 4 describes the development and implementation of a project to resolve the considerable 
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conflict identified in the literature in regard to the relevance of treatment delay in the management 
of mandible fractures, by carefully identifying and measuring every available relevant variable in a 
prospective and appropriately validated manner. It was hypothesized that treatment delay would not 
significantly affect the outcomes of definitive mandible fracture treatment. 
 
No statistically significant association was found between treatment delay and any of the treatment 
outcomes, such that the hypothesis was accepted in relation to all outcome variables. Measured 
outcomes included infection, dehiscence, non-union, hardware exposure, nerve damage, return to 
theatre, trismus, malocclusion, and radiographic outcome.  
 
The results demonstrate that a modest delay, of probably up to about a week, in the management of 
mandible fractures requiring active treatment is unlikely to result in significant adverse outcomes 
and may allow for improved resource distribution and prioritisation of more time-dependent 
interventions. For the sake of patient comfort, and other unstudied consequences of treatment delay 
such as pain and nutritional compromise, and to minimise admission length, it would be reasonable 
that the definitive management of mandible fractures by undertaken in a semi-urgent manner where 
feasible.  
 
7.2.3 The effects of patient demographics on post-operative compliance in the management of 
mandible fractures  
Chapter 5 describes the development and implementation of a project to determine patient-related 
factors associated with poor compliance in patients with mandible fractures. Inspired by the 
frequency at which compliance was mentioned as a potential confounder in the management of oral 
and maxillofacial fractures, I endeavoured to investigate variables likely to influence patient 
compliance.  Interestingly, as illustrated in Chapter 5, the pre-existing literature was very deficient, 
with only two studies identified, both with significant limitations.  
 
The following patient-related (demographic) variables were measured for each patient: age, gender, 
distance to oral and maxillofacial service, dental status, alcohol use, cigarette use, illicit drug use, 
employment status and injury aetiology.  
 
The following compliance variables were measured for each patient: soft diet, mouthwash, oral 
antibiotics, cigarette cessation and review appointment attendance.  
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Males compared to females (OR: 0.13; 95%CI: 0.01-1.06), and illicit drug users compared to non-
users (OR: 0.55; 95%CI: 0.11-0.93) were both significantly more likely to be non-compliant with 
soft diet instructions.  
 
Males compared to females (OR 0.02; 95%CI: 0.01-0.25), non-employed compared to employed 
(OR 19.23; 95%CI: 1.48-86), and participants living further than 300km from the service compared 
to participants living within 50km (OR 0.07; 95%CI: 0.01-0.49) were all significantly more likely 
to be non-compliant with cigarette cessation advice.   
 
The findings of this study demonstrate clearly that patient compliance cannot be relied upon within 
the average oral and maxillofacial trauma cohort. Specifically, in this cohort at least, males, illicit 
drug users, the unemployed, and those living remotely were the patient-related variables identified 
to be most likely to influence patient compliance.  
 
The cost and morbidity associated with poor outcomes, such as extra outpatient appointments and 
travel, repeat admissions, returns to theatre, delayed return to work, more invasive surgeries, is 
extreme. If found that compliance influences outcomes, it would seem inappropriate to continue on 
offering the same service. Services with similar patient cohorts and outcomes would be advised to 
either look to interventions to improve compliance, or potentially offer more “poor-compliance 
proof” treatment options to those deemed at high risk. 
 
7.2.4 The effects of post-operative patient compliance on outcomes in the management of 
mandible fractures  
Chapter 6 describes the development and implementation of a project to determine if poor 
compliance is associated with an increased incidence of treatment complications in the management 
of mandible fractures. Inspired by the frequency at which compliance was mentioned as a potential 
confounder in the management of oral and maxillofacial fractures, as an extension of the project 
described in Chapter 5, a study to determine whether poor compliance was associated with 
complications was undertaken. As with Chapter 5, the pre-existing literature was almost non-
existent in regard to defining the link between compliance and outcomes.  
 
Compliance with post-operative instructions was measured with the following five variables for 
each patient: soft diet, mouthwash, oral antibiotics, cigarette cessation and review appointment 
attendance.  
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Treatment outcome was measured with the following eight variables for each patient: local post-
operative infection, wound dehiscence, malocclusion, fracture non-union, hardware exposure, nerve 
damage, trismus and return to theatre.  
 
The independent effects of the five compliance variables on each of the eight treatment outcome 
variables were first examined. Secondly, the effect of a global compliance variable on each of the 
eight individual treatment outcome variables was assessed. The global compliance variable 
consisted of three levels: 1) compliant on zero or one compliance variables; 2) compliant on two or 
three compliant variables; and 3) compliant on four or five compliance variables. 
 
None of the individual post-operative compliance variables was found to be significantly associated 
with outcomes of treatment at the five percent level. Borderline associations were found. With 
globally non-compliant patients, wound dehiscence was significantly more likely to occur (OR 8.4; 
95%CI: 1.89-37).  
 
The findings of this investigation suggest that non-compliance has little bearing on clinical 
outcomes in the management of mandible fractures. The significance of patient compliance in the 
management of mandibular fracture management is probably overstated. Developing targeted 
strategies to improve compliance may be of little benefit. In reality, it is likely more reasonable to 
relax the requirements imposed on patients post-operatively, particularly in relation to dietary 
restrictions and post-operative review appointment attendance, at least in relation to mandibular 
fractures.  
 
7.3 Future directions  
This research delivers the most in-depth investigation known into the influence of treatment delay 
in the management of facial fractures. In particular, the publications arising from Chapters 4, 5, and 
6 are all the largest and/or highest evidence level publications recognised in relation to each area of 
enquiry. However, there are areas that require further clarification beyond what this thesis provides.  
 
Firstly, to allow for further certainty, the aims of the zygomatic project could be revisited in a 
prospective and/or randomised manner. Apart from improving validity, this would allow for further 
clarification of uncertainties identified in Chapter 3, such as the relevance of varying degrees of 
cigarette usage by patients undergoing zygomatic fracture treatment, and the significance of varying 
degrees of fracture comminution. The influence of e-cigarettes could also be assessed. Similarly, the 
aims of the mandibular project could be replicated in a randomised manner. Additionally, there is 
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scope for similar studies in relation to other facial fracture subtypes such as NOE, nasal, and frontal 
fractures, as well as isolated soft-tissue injuries. Likewise, compliance could be analysed in relation 
to these fractures, and to other patient cohorts with differing demographics.   
 
With respect to mandible fractures, the current standard of emergency admission and management 
could likely be reformed in favour of discharge and re-admission on near elective lists with or 
without day-surgery type admission as appropriate. This concept has already been investigated in 
part by Subramaniam et al, and preliminary investigations appear favourable. Further research in 
this area, in the way of prospective and potentially randomised studies would appear valuable.   
 
In relation to mandibles and compliance, as aforementioned, it is likely logical to relax the 
requirements imposed on patients post-operatively, particularly in relation to dietary restrictions and 
post-operative review appointment attendance. In response to the publications arising from this 
research, a known RCT is already underway in Perth, Western Australia, investigating the effects of 
early return to normal diet following mandibular fracture surgery. Similar studies involving other 
compliance variables, in particular post-operative review appointment attendance, would be 
supported.  
 
With respect to all facial fractures, but particularly mid-face fractures, the influence of novel 
technologies on the effects of treatment delay should be considered. Such technologies, already in 
use in certain centres, include intra-operative CT, patient specific implants and virtual surgical 
planning, and intra-operative navigation.  
 
Other areas for further research in relation to this thesis include a deeper analysis into the effects of 
antibiotic usage in facial fractures pre-operatively, intra-operatively, and post-operatively, as well as 
an investigation into histological healing of various facial injuries with differing degrees of 
treatment delay.  
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Data collection sheet  
Demographics    Treatment Data   
UR Number   date of admission   
DOB   date of surgery    
gender M/F   date of initial maxfac consultation   
employed Y/N?   operator experience level (reg1,2,3,4,cons)   
current medical illness Y/N?   operation type/fixation type specify    
current medical illness Specify   length of surgery (mins)    
current medical therapy Y/N?   treatment other department Specify   
ASA   date of discharge   
alcohol use nil: binge: regular low: regular high   compliance (post-op care) - soft diet, MW, AB, OPD   
        
cigarette use per day    Antibiotic Therapy    
substance use other Y/N?    Pre-op   
substance use other Specify   Peri-op   
prior max-fac Y/N?   Post-op   
prior max-fac Specify    Outcome Data (post-op, specify details if Yes)   
post code   date of follow-up OPDs made and missed   
Injury Data       
date of injury    duration from surgery to final OPD Days   
no. of #'s    infection local Y/N?   
# location/s and comm y/n   infection systemic Y/N?   
# aetiology    wound dehescence Y/N?   
tooth involvement Y/N?   malocclusion sub/obj/N?   
infection local Y/N?   non-union Y/N?   
infection systemic Y/N?   hardware exposure Y/N?   
associated max-fac injury Y/N?   facial scarring Y/N?   
associated max-fac injury Specify   facial scarring minor/mod/severe/N?   
associated neuro injury Y/N?   nerve damage Y/N? temp or perm?   
associated neuro injury Specify   facial aesthetics (profile/symmetry restoration) Y/N?   
injury other Y/N?   return to theatre required Y/N?   
injury other Specify   revision surgery (type, date)   
alcohol use at time of injury Y/N?   permanent maxfac disability expected Y/N?   
alcohol use at time of injury Specify   trismus mild/mod/severe/N?   
cigarette use at time of injury Y/N?   prolonged rehabilitation Y/N?   
cigarette use at time of injury Specify   prolonged rehab Specify   
substance abuse other at time of injury Y/N?   death Y/N?   
substance abuse other at time of injury   Radiological Data   
    dental status good/mod/poor   
    radiographic outcome good/fair/poor   
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